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e Vel
~— This study was conducted to explore alternative toxicological testing s;:;}f
methods for assessing the potential health hazard of particulate materials._ As WA
noted in the discussion section of the report and in the following pawagraphs, )
.—there are many limitations on this in vitro testing model. The results of this :;\E:
,//' study can not be interpreted as an indicator of absolute toxicity. However, as \{:5\
, . a preliminary evaluation, a relative toxicity ranking can be assigned to the t}:ﬁg
- test materials. The ultimate determinant of airborne hazard still lies within xjsj -
- 1 the purview of standard inhalation protocols. In vitro testing procedures may N
- ~ reduce the number of animals required to screen chemicals but in vivo inhalation y
testing can not be replaced at this time. ey
. Scientists at the U.S. Army Chemical Research, Development and Engi- :
neering Center (CRDEC) questioned why some of the diameters are so large and
indicated that their measured mass median aerodynamics diameters (MMAD? of
several of these dusts were smaller. One possible explanation for this is that ’
our data reflect measured count median diameter (CMD) from which the mass AN
median diameter (MMD) was calculated, whereas we presume CRDEC data were derived ~;i;:;
from an aerosol of each material. The relationship between CMD and MMD depends :iui\‘
upon the geometric standard deviation (GSD) of the distribution of particle NN
diameters, W
)
Tn MMD = 1n CMD + 3 1n2 GSD b
o
If GSD = 1, which is true for mono dispersed aerosols (i.e., all particles are e

the same size), then the MMD = CMD. In all other cases, the GSD is greater
than 1, and the MMD will be greater than CMD.

For example, if CMD = 2 ym and GSD is 1.5, 2, or 2.5 the MMD will be 3.28 ;m,

8.45 um, or 24.83 um, respectively. These are dramatic differences in o~
mass medium diameter associated with small changes in the GSD. "
D
The relationship between real diameter, dy, and aerodynamic equivalent -?gh&”

diameter, dze, depends upon the density, &p, and the slip correction, C, for 1]

the size, d. :fu’u
BRI

Cae 8ae dae = /Cp §p dp Py

PR

Because Pze = 1 and Cze depends upon dze, the aerodynamic equivalent diameter AN
can only be determined by successive approximations. Frequently, the product L ——
VCae dae 1s used as the effective aercdynamic equivalent diameter. Values of WFe N
Cp vary from 2.87 at 0.1 ym to 1.16 at 1 ym to 1.02 at 10 ym, so the AR
conversion from real size to aerodynamic equivalent size is not a simple A
extrapolation. When aerodynamic equivalent size distribution parameters are AOAS
quoted, they were usually obtained with equipment that was calibrated using YOO
- unit density spheres. Lrw_ s
RS S

In addition, because we do not know how CRDEC generated the dusts to C:;:}:'

measure MMAD, which can have a profound effect on the particle size distribution ANCSRY
of the resultant aerosol, it is difficult for us to compare the two data sets Al
any further, ALY
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CRDEC scientists' also asked why the asbestos is less cytotoxic than
the media control at 3 weeks, referring to Table 13, which listed tutal percent
of tracheal explants bearing mucosal lesions. We made a clarification in this
table, indicating that explants often showed more than one lesion and, there-
fore, the total value does not add up to 100%. The observation of the different
incidences of cytotoxity at 3 weeks is because most of the asbestos-exposed
tracheas developed proliferative or metaplastic lesions, which either replaced
or obscured degenerative changes. Additionally, the cytotoxic changes included
for media control tissues simply reflect a large number of explants that had
minimal cuboidal to squamous change, which as explained in the report, is a
common finding in long-term tracheal explants and does not represent toxic
injury.

The work described in this report was authorized under Contract No.
DAAK11-82-D-0008. This work was started in June 1985 and completed in
June 1987,

The use of trade names or manufacturers' names in this report does
not constitute an official endorsement of any commercial products. This report
may not be cited for purposes of advertisement.

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care and llse of Laboratory Animals" as pro-
mulgated by the Committee on Revision of the Guide for Laboratory Animal
Resources, National Research Council.

Reproduction of this document in whole or in part is prohibited
except with permission of the Commander, U.S. Army Chemical Research, Develop-
ment and Engineering Center, ATTN: SMCCR-SPS-T, Aberdeen Proving Ground,
Maryland 21010-5423. However, the Defense Technical Information Center and
the National Technical Information Service are authorized to reproduce the
document for U.S. Government purposes,

This report has been approved for release to the public.
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1. INTRODUCTION »

The tracheal organ culture model has been shown to be an effective
short-term in vitro assay for the detection of cytotoxic and genotoxic damage

that is induced by a variety of toxic compounds(2'7). Mucosal epithelium of éfé- -
tracheal explants has been reported to develop putative pre-neoplastic lesions NG,
following exposure to a spectrum of carcinogens, including particulate mate- i;i:f
rials having carcinogenic properties. These in vitro lesions share similar Egsisﬁ
histopathologic features with pre-neoplastic changes observed in animals and e
humans following exposure to carcinogenic particles(2:3,5.6,7)  For example, ey
in vitro exposure to asbestos causes squamous metaplasia and mucosal ;igikj
hyperplasia with frequent dysplastic features in tracheal epithelium(Z,3) i:ltﬁli
whereas, tracheal explants exposed to inert particles (e.g., glass beads, :5&!?
micronized latex particles, or nuisance dusts) have a much lower incidence of f&1§§
histological changes and changes that do occur, do so after exposure to higher S;S;QV
comparative concentrations, are generally cytotoxic in nature and of mild ;ﬁkggﬂ
severity. In this study the in vitro toxic effect of eight test particles ol

(graphite fibers, polycrystalline iron whiskers, aluminum dust, nickel-coated &ﬁhz
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graphite fibers, brass dust, Printex L carbon black, micro-260 synthetic
graphite and KS-2 natural graphite) on the upper respiratory epithelium of
hamster tracheal organ cultures was evaluated based on microanatomical and
histomorphometric changes. Tissue changes induced by the test articles were
compared to changes that occur in tracheal organ cultures exposed to
crocidolite asbestos (positive control) and glass beads (negative control), in
addition to untreated explants. The relative toxicity of each test particle
was characterized based on qualitative histopathologic and morphometric
differences relative to the positive and negative control groups.

2. MATERIALS AND METHODS

2.1 Test Materijals,

Eight particulate test materials were received at Battelle from
CRDEC on June 19, 1985. These were identified as KS-2 natural graphite,
micro-260 synthetic graphite, carbon black (Printex L), aluminum powder and
brass powder. In addition, graphite fibers, nickel-coated graphite fibers and
polycrystalline iron whiskers, were received November 22, 1985. Crocidolite
asbestos and micronized glass beads (stock reference samples) were used in
these studies as positive and negative control materials, respectively. The
graphite fibers, Ni-coated graphite fibers and polycrystalline iron whiskers
were too large in size as received, to suspend in media and expose tissues and
extract any meaningful data. Therefore, each was ground with mortar and
pestle into smaller particles. A1l of these fibers were ground in 100 percent
ethanol to minimize particle lost and dust production. Ground samples were
air dried overnight.

The percent silica in each test and control material was determined
by inductive emission colorimetric spectroscopy. The method used for silica
determination is included in Appendix A. In addition, 100 milligrams of each
positive control, negative control, and test particle was sent to Particle
Data Laboratories, LTOD, for Electrozone Analysis or analytical image analysis
to determine the particle size distribution of each sample. B8rass dust,
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aluminum dust, Printex L, micro-260 synthetic graphite, crystalline iron
whiskers, KS-2 natural graphite, crocidolite asbestos, and the glass beads
were analyzed by electrozone analysis. The particle size distribution of the
ground graphite fibers and nickel coated graphite fibers were determined by
jmage analysis. The methods for each of these analyses is included in
Appendix A.

2.2 Explant System,

Female golden Syrian hamsters (ages 25-42 days old) were used as the
trachea donor animals for this study. The hamster tracheal system was
selected based on the large amount of data available on tracheal explants
exposed to a variety of xenobiotics, specifically, asbestos fibers, nuisance
dusts and other partic1es(1‘3). Hamsters used in both the range-finding study
and definitive study were purchased from Charles River Laboratories, Inc.
Animals used in the range finding study were shipped from Wilmington,
Massachusetts, while the hamsters used in the definitive study were shipped
from Kingston, New York. The animals were shipped in filtered crates. Upon
arrival, each animal was examined and its general health assessed. Animals
were group housed (5/cage) in polycarbonate cages. Cages were held in a
bio-clean Hazelton Porta-Room. Animals were provided tap water in bottles
with sipper tubes and certified Purina Rodent Chowe ad libitum. Air
temperature within the holding room was maintained at 72°F + 3° with
40-60 percent humidity. Water and feed levels were checked daily, and the
bedding was changed twice weekly.

Serum samples from ten randomly selected hamsters were collected
within 24 hours of arrival at Battelle and sent to Microbinlogical Associates
in Bethesda, Maryland and screened for the presence of titers to Sendai virus,
Pneumonia Virus of Mice and Lymphocytic Choriomeningitis. A1l ten samples
tested were negative. Tracheas were extracted from the hamsters within 7 days
of receipt.

Each hamster was anesthetized with 100 mg/kg of sodium pentabartitol
diluted 1:1 with normal saline, administered by an intraperitoneal injection.
Animals were placed in a supine position and secured to a rodent surgery
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platform. Hair was removed from the anterior half of the ventra «<urfi o ind
the clipped area was disinfected with repeated applications 3f
surgical scrub. Loose hair was rinsed from the bodard with steriie 4 -1 ied
water and the ventral surface of each hamster rinsed with /0 percent ethancl.
Using sterile techniques, tracheas were surgically removed by maxing a vertral
midline incision from the sternum to the point of the mandible. 'he sk'n ads
retracted laterally and secured with a hemostat. The trachea was =«p.21 3ing
separated with blunt dissection from the esophagus and connective tissu~.
Each trachea was removed by severing the proximal end at the larynx anj tne
distal end at the initial bifurcation. Each trachea was transferred to a
sterile 60 mm diameter culture dish. A1l remaining connective or mus. le
tissue was trimmed and the trachea opened longitudinally along the
cartilagenous discontinuity. Both serosal and lumenal surfaces were gently
rinsed with a |1 percent solution of penicillin, strertomycin and fungizone
(PSF) in Dulbecco's PBS.

Five tracheas were pooled in a single culture dish containing fresh
] percent PSF. Each was bisected longitudinally and each half cut intc
2-4 mm? explants by cutting between every second and third tracheal ring,

yielding 1N-12 explants per trachea. Five randomly selected explants from the
culture dish were transferred serosal side down to a 35 mm culture plate. ®
Each explant was allowed to attach to the scored surface of the culture plate

and was incubated in complete Eagle's minimum essential media, MEM (Gibco
Laboratories) with Earie's salts, 1.5 x the standard MEM concentration of ';ysﬁ
amino acids and vitamins and further supplemented with 1.0 ug/ml insulin, o
0.1 ug/m! retinyl acetate, 0.1 ug/ml hydrocortisone hemiacetate, 0.1 percent
PSF and 100 ug/ml gentimicin. Incubator conditions were set at 3/°C in 4

humidified atmosphere of 95 percent air and 5 percent COp. -

Media was changed every other day with approximately U./% ml of o
fresh media per well. Explants were acclimated to the culture conditions for b
approximately 2 days prior to exposure with any test article.

The project was divided into 2 separate experiments. The first was i;;}i
a range-finding study with the objective of determining the relative "o ity ‘ ?'rt;
of each test article to qualitatively characterize tissue chdanges isnvocigted ;5i:ﬁ
with each material over a range of concentrations and to select uut ma’ t?f;&
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concentrations of each test article for a follow-up study which would induce
proliferative or metaplastic changes without producing overt cytotoxicity.
The second experiment was labeled the definitive study with the principle goal
of histomorphometrically quantitating lesion development and rank ordering
each test material as to its relative toxicity in the tracheal model.

For the range-finding study, each of the eight test articles
(graphite fibers, polycrystalline iron whiskers, aluminum dust, nickel-coated
graphite fibers, brass dust, Printex L carbon black, micro-260 synthetic
graphite and KS-2 natural graphite) and two control particles (crocidolite
asbestos--positive control, and glass beads--negative control) were suspended
in culture media at 6 different concentrations by serial dilution. Twenty
explants were exposed to each concentration of each particulate suspension and
one-half of the organ cultures (10 explants) were collected one week after
exposure, while the second half of each group was collected 3 weeks after
exposure. Twenty unexposed explants (media controls) per collection time were
included for additional comparisons. The dose regimen for the range-finding
study was as follows: '

Group Concentration Number of “xplants
1 1 ug/mil 20
2 10 ug/mil 20
3 100 ug/ml 20
4 1 mg/ml 20
5 10 mg/m1 20
6 100 mg/ml 20
7 media alone 40

The experimental design for the definitive study was similar;
exposing 30 explants each, to 3 concentrations of each test article, with
60 unexposed explants serving as media controls. One-half of each group was
collected one week after exposure, while the remaining tissues were collected
3 weeks after exposure. The dose regime for the definitive study was as shown
below.

Glass beads, crocidolite, polycrystalline iron whiskers, graphite
fibers, aluminum dust, KS-2 natural graphite, micro-260 graphite and Printex L
carbon black were delivered at the following concentrations:
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i Group Concentration Number of Explants E Wﬁm
' oo
: 1 100 ug/ml 30 :i:‘.:‘
v 2 1 mg/mi 30 R900Y
3 10 mg/m1 30 oy O
) o
l Nickel-coated graphite fibers were formulated at concentrations of: e
| R
. oz
Group Concentration Number of Explants -y
L Y
1 10 ug/ml 30 e
2 100 ug/m) 30 e
) 3 1 mg/ml 30 -;'::-;
. :"\"\.’é
Brass dust was formulated at concentrations of: )
R
Group Concentration Number of Explants i:i:i:
ISR
1 1 ug/m 30 :Q}:ﬁl
2 10 ug/m 30 bk
3 100 ug/ml 30 !
4 1 mg/ml 30 RASSY
‘.,-\.-".r‘
D% WS
RN,
An additional dose group (1 ug/ml) was included for the brass dust hing
due to marked cytotoxicity observed in the range-finding study to ensure !1??,
ot
survival of some explants exposed to brass dust. ;;ftf
Suspensions in media of each test material were pipetted onto the ::E;i:
Tumenal surface of explants. Following a 2 hour exposure period, the particle jﬁfﬁ:
laden media was removed and fresh media added. Tissues were collected at ® .

either 1 or 3 weeks post exposure in 10 percent neutral buffered formalin,
embedded in paraffin sectioned at 3-5 um and stained with hematoxylin and

v
L
»
-

eosin. A1l tracheal argan cultures collected from both studies were examined

by 1ight microscopy and mucosal changes were described and graded according to %‘Eﬁ;
distribution and severity. In the range-finding study, particular attention j:f;ﬁ
was given to metaplastic, dysplastic, proliferative or undifferentiated I%%f%
lesions, dose-response relationships associated with these lesions and the E;Exﬁ
cytotoxic potential of each material. Doses for the definitive study were ) %q¢:;
selected in an attempt to avoid excessive degenerative or necrotic changes and :i;ii
to select for a dose dependent develgpment of proliferative, metaplastic or E§E£§
dysplastic changes. ;i#i"
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Two serial sections approximately 300 um apart were made tissue from
blocks containing explants collected at 3 weeks from the definitive study.
Each section was qualitatively evaluated and results compared and each histo-
morphometrically analyzed. Every explant containing a metaplastic, dysplastic
or hyperplastic lesion of the mucosa was photographed and the image digitized
into a computer coupied image analysis system. The total cross-sectional area
of each mucosa was determined and the total area within the mucosa containing
one of the above tissue changes (altered differentiation) was determined and
the percent mucosal area of altered epithelium (as defined above) was
calculated. The values from each serial section were averaged and group means
with standard deviations were calculated. The data were statistically
evaluated by non-parametric analysis of variance techniques and pair-wise
comparisons were made by a t-test which makes allowance for unequal variance.

3. RESULTS

A1l results of these studies were based upon the morphologic appear-
ance of the tracheal explants following either 1 or 3 weeks in tissue culture.
Results from the range-finding study were limited to qualitative evaluations.
Lesions were classified based on histopathologic criteria and graded according
to distribution and severity. Descriptive narratives of each major lesion is
provided below and summary tables of lesion incidence and severity by test
article and concentration are also included.

Similar qualitative histopathologic evaluations were conducted for
each explant collected from the definitive study. In addition, mucosal
lesions which were considered to be pre-neoplastic (metaplasia, hyperplasia or
dysplasia) were quantitated by image analysis from explants collected after
3 weeks of culture. There were unequal numbers of explants in each group due
to a variable but limited loss of explants during the culture period or tissue
processing.
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3.1 Particle Characterization. el
ALY
o
The particle size distribution of each test material was determined 5§$§2
'-' O
by either electrozone analysis or quantitative image analysis. Table 1 lists s
for each particle the mass median diameter (MMD) and geometric standard ;
-
.

deviation (GSD), the count median diameter (CMD) the aspect ratio (Length:
Width) where applicable and the percent silica in each sample. Detailed
particle size analysis data with cumulative values for both mass and frequency
are in Appendix A. The MMD of the 10 particles ranges from 2.0 um for
asbestos to 44.8 um for the iron whiskers. The iron whiskers that were
initially received for this study were large and fibrous. In order to suspend
the material in media and expose the tissue cultures, the iron whiskers were
ground into a finer powder. The grinding succeeded in breaking apart the
fibers, vielding short cuboidal particles that had large diameters. Aspect

ratios + e n~- .alculated for the ground material since the length of the
particl . .o .ximated the width (measured by the electrozone analysis
method). a5 wus cunfirmed by observation of light microscopic preparations

of the ground test article.

The silica content of each test particle is also presented in Ef
Table 1. The percent silica of each material was less than 1 percent except L 4
for the glass beads and asbestos which had 68.5 percent and 48.1 percent ﬁ
)

silica, respectively. N

AR

SN

3.2 ____Range-Finding Study, ?__T,)}'

RN

A

The majority of tracheal explants cultured in media alone retained Q:f;.:

LA AL

normal architectural features through 3 weeks. The predominant morphological TN
change in control explants was a shift in the normal pseudostratified columnar f
eptthelium to a cuboidal or simplie squamous layer. There was no evidence of ,“

any keratinization and surface membrane structures such as microcillia were
often visible. The incidence of this change (reduced epithelial height) was
much higher in the 3-week samples compared to l-week explants. The severity
of the change was generally mild to occasionally moderate.
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TABLE 1. PARTICLE SIZE DISTRIBUTION AND SILICA CONTENT OF MINERAL PARTICLES
. Percent
Test Material MMD GSD CMD Aspect Ratio Silica O
n
N
v'h\'-"-’
Glass Beads 2.4 1.3 2.0 NA 68.50 HRgY0!
Asbestos 2.0 3.3 0.1 12.3 48.10
Graphite Fibers 10.4 1.5 -- 3.3 2.46
KS-2 Graphite 4.1 1.9 1.2 NA 0.06
Micro-260 Graphite 3.7 1.8 1.3 NA 0.31
Printex L-Carbon Black 16.1 2.5 1.7 NA < 0.01
Aluminum Dust 4.9 2.2 1.0 NA 0.03 NN
e
[ron Whiskers 44.8 1.7 18.7 NA 0.15 [ !
R
Brass Dust 4.3 2.3 0.6 NA 0.06 Y
4:\4" L4}
Ni-Graphite 10.9 1.5 -- 2.9 0.89 ,:'ISH.‘;
ataved
Seining
NA - Not Applicable Y
PR
- .'_:..';4
The second most frequent epithelial change that was observed in ;Sj:j:;
control tissues was mucosal degeneration and occasional focal necrosis. The ?:f,.“
incidence summary tables combines both degenerative and necrotic lesions. ﬁ}ﬂiﬁij
RS
Both were considered indicative of non-specific cytotoxicity and for the ;{:i:xy
purposes of these studies, the grading of degenerative and necrotic changes H:j:*q
was based on distribution and severity. Focal to multifocal, hydropic !i-,‘—rs.
J_‘-"_‘-' ]
vacuolization or cytomegaly with an eosinophilic ground glass appearance was H{iuib
.-‘ .Na;-l
considered mild degeneration. A diffuse distribution of similar changes or -}:ﬁf;:
focal cell death was graded as a moderate lesion. Severe lesions were A
characterized by multifocal to diffuse coagulation necrosis of the mucosal g};p;;
epithelium or widespread cellular desquamation. There was a 40 percent .’fiﬁis
incidence of mild degeneration in the media control explants at one week and a ;323222
Ty
WAty
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l 15 percent incidence of mild degenerative changes after 3 weeks in cultures.
, The decrease in lesion incidence likely represents repair of mucosa!

| epithelium which was damaged as a result of tissue culture manipulation. The
only remaining finding among control explants was occasional mild to moderate
hyperplasia. The lesions were focal and were more numerous in the 1 week
samples compared to the 3 week tissues. This may also reflect regeneration

| reparative processes. \
' The incidence of cytotoxic changes were relatively low in explants :;;;1
! exposed to glass beads. Lesion occurrence and severity did not appear related 5j?f;
to concentration of the negative control material. Mild cuboidal to squamous Z:}va
change generally occurred more frequently in the organ cultures collected Séfu
3 weeks after exposure. With few exceptions, mild degenerative changes were Vo
limited to the 3-week cultures. Mild focal hyperplasia occurred in 10 per- ?i:&;
cent-20 percent of several groups with no apparent predilection for the one or :E;Eif
three week sample periods. Finally, a single focus of squamous metaplasia was ET?JK
observed in the 100 ug /ml, 3 week collection group. Overall the explants 4
&

exposed to glassbeads appeared similar to media control tracheal organ cul-

PR
o e,

tures and had incidences across all concentration groups of mild non-specific
tissue changes that were comparable to media control tissues.

Tracheal organ cultures exposed to crocidolite asbestos had a
noticeably higher incidence of cytotoxic lesions relative to media or negative
control tissues at concentrations of 100 ug/m] or higher. Lesions involving
alterations in cell growth or differentiation occurred at each concentration
level, with increasing frequency with higher concentrations. Mild to moderate
mucosal hyperplasia, often accompanied by basal cell hypertrophy was the most
common change. Multifocal squamous metaplasia of the lumenal epithelium, with
occasional keratinization was observed primarily in explants treated with 1,
10 or 100 mg/ml1 of asbestos and collected after 3 weeks of culture.

In the range-finding study, each of the three graphite materials
(graphite fibers, KS-2 graphite and Micro-260 synthetic graphite) appeared to
cause variable degrees of cytotoxic damage to tracheal mucosal epithelium, but
each appeared to be comparable to glass beads in the incidence and severity of

proliferative changes or disturbance in differentiation. Graphite fibers were

H4 0L
a’as!

Teast toxic, causing mild to moderate cuboidal to squamous change,

Ay

&4
",‘.l

)
XxXa

16

¥F_ a a _a @«
{'.I..I‘.f‘ﬂ
" ( ’ ,
Sty “;'q
55557

7,

LS

[
R L R

oL

’
®
-

Pl

............ e e e e e al e e el ey el e N
(Ol T oV m® e e af e 0o ata et . T e e L e N et e e e A .
ﬁ'—m:'.&"lilI"d‘:‘{}.".‘f}-':‘f. f:‘(:_(:j':.(.:},’:n‘;";";f:'; e e e o e e e a A A b i PRI LT LT LY,




00 ateata'ata als et atatats ala®ale sl el tat Yt ¢ U ata7a0 tal Al "8 at tat ‘et tab et tat tat *alocat el at. ‘st ", salla Vel * Vg N [P D )

predominantly at concentrations of 10 mg/ml and 100 mg/ml. Explants exposed
to 1 mg/ml or higher of graphite had mild degeneration. Mild mucosal
hyperplasia and metaplasia were most predominant at the highest concentration
(100 mg/m1).

Cytotoxic lesions were generally limited to mild cuboidal to
squamous change across all dose groups for KS-2 graphite and mild degeneration
at concentrations of 1 mg/ml and higher. Moderate cytotoxic lesions were
occasionally noted in tracheal explants treated with micro-260 graphite.
Mucosal hyperplasia, dysplasia and squamous metaplasia were also mild in
severity, focally distributed and were relatively limited in incidence to the
higher concentrations for both compounds.

Printex L-carbon black caused a dose-dependent incidence of mild to
moderate, with occasionally severe, squamous change, degeneration and
necrosis. The most frequent and more severe changes occurred at levels of
1 mg/ml and higher. Carbon black caused no significant hyperplastic or
metaplastic changes at any of the concentrations tested. Mild to moderate
epithelial dysplasia did occur with some frequency in 3 week cultures at
levels of 10 ug/ml and higher.

Aluminum dust caused approximately 20 percent-60 percent incidence
of cytotoxic lesions of a mild to moderate nature across all dose groups, with
higher frequency occurring at the 100 .g/m1-100 mg/m1 dose levels. The only
significant occurrence of other changes was mild to moderate mucosal hyper-
plasia after exposure to 10 mg/ml or 100 mg/ml of aluminum dust.

Brass dust caused severe degeneration and necrosis in tracheal organ
cultures exposed to concentrations of 1 mg/ml or higher. Mild to moderate
cuboidal to squamous change and multifocal degeneration occurred in all lower
dose groups. There were no proliferative changes in the higher dose groups
due to the overt toxicity, however, the incidence of mucosal hyperplasia and
dysplasia appeared slightly greater at concentrations of 10 .g/ml and
100 ug/ml1 than observed in control.

There was a similar dose-relationship in mucosal degeneration and
cell death following exposure to both polycrystalline iron whiskers and
nickel-coated graphite fibers. Each test material caused complete epithelial
desquamation at the highest concentration (100 mg/ml). There was a variable
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incidence of hyperplastic, metaplastic and dyspiastic changes follaaing

A T

exposure to lower, less cytotoxic concentrations of each test materia’,
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3.3 _Definitive Study,

The percent of tracheal organ cultures bearing morphologic changes o
is listed in Table 2. Many explants contained more than one ‘esion, and A
therefore, the values do not equal 100 percent.

Based upon the observations in the range finding study, it appeared
that concentrations of 100 ug/ml, 1| mg/ml and 10 mg/ml would be suitable
levels for each test article, with two exceptions. These concentrations of
brass dust and Ni-coated graphite caused excessive cytotoxicity. Therefore,

E
é
g
E
E_
E
E

in order to proper’, assess the potential of each material to cause distur- EES;
bances in cell growth or differentiation, levels of 10 vg/ml, 100 .g/ml and i
1 mg/ml were selected for these two materials and a fourth concentration of Eﬂkﬁ
1 ug/ml was added for brass dust to ensure survival of a group of exposed [:I:
explants for morphometric analysis. It was apparent, however, from the n:jj
preliminary study results that it would be difficult to quantitatively compare Ek;é
each test material, at a single concentration that produced some degree of §.2€{
proliferative change. ‘£72
Qualitatively, there were few differences in the incidence, distri- ;ﬁé};
bution, or severity of lesions between explants exposed to similar concentra- &;::'
tions of each test material during the range-finding and definitive studies. ﬁ:ﬁ;*
More explants per dose level and collection time point were incorporated in ;{”51
the definitive study, providing a larger data base. Dy

Most media control explants were normal after 1 week of culture and
showed mild cuboidal changes or degeneration after 3 weeks. Mild to moderate
focal squamous metaplasia was noted in 4 of 15 explants collected after
3 weeks of culture.

The morphological appearance of explants exposed to glass beads was
similar to the media control tissues. Mild focal degeneration or loss of
epithelial height were the predominant findings. Few changes in differentia-
tion or architecture were observed in the negative control groups after "
1 week. Mild hyperplasia and squamous metaplasia were cbserved in severg) e
tracheal organ cultures collected at 3 weeks.
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X Explants exposed to crocidolite asbestos had significant incidences E:}:
of proliferative or cellular differentiation changes. There were 67 percent, EE:E
! 73 percent, and 86 percent incidences of disturbances in cell growth or ;&;Q‘
differentiation in explants cultured for 3 weeks and exposed to the 100 .g/ml,
2 1 mg/m! and 10 mg/ml groups, respectively (Table 2). Degenerative changes, :} s
) loss of epithelial height, and mucosal hyperplasia were the most prevalent E}ﬁfi
' changes in explants collected 1 week after exposure. fq!A
Fxplants exposed to the various graphite materials (graphite fibers, eoein
; KS-2 graphite and Micro-260 graphite) had mild to moderate cytotcxic changes :E‘i;E
N that generally increased in frequency with higher concentrations. Although, 33;:
7 Micro-260 graphite caused a consistent incidence of cubbidal to squamous $5v‘
change across each dose level, none of the concentrations tested of these e
{ three graphite materials appeared to produce a notable incidence of distur- ;S:SJ
bances in cell growth or differentiation, with the exception of explants ;:::f
: exposed to 1 mg/ml for both KS-2 graphite and Micro-260 and collected after E:E;;
3 weeks. B
Printex L-carbon black and aluminum produced changes similar to
N those observed in the ramge-finding study. There was a high incidence of mild
f to moderate cuboidal to squamous change 3 weeks after exposure. Mild squamous
] metaplasia was the only other significant change that ogcurred in explants P
exposed to 100 ug/ml and 1 mg/ml of carbon black and collected at 3 weeks. Ef;ﬁi
Mucosal dysplasia was present in approximately half of the explants of the two k%ﬂ&
higher dose groups treated with aluminum dust. :S;:j
. Brass dust was again extremely cytotoxic at cOncentrations of e
100 ng/ml and higher. Less severe degenerative changes were prevalent down to A
) the 1 ug/ml level. There were no notable hyperplastic, metaplastic or Eezjz'
A dysplastic changes. NN
Explants exposed to iron whiskers had a higher incidence of -
cytotoxic lesions at the lowest dose (100 ug/ml) than the nigher doses, {;?ﬁ
suggesting that the changes were not related to exposure to the test article .‘E:E
. but were likely due to a deficiency in culture conditions for that group. Z;Sf
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Eighty-seven percent of explants treated with 1 mg/ml or 10 mg/ml of iron 2:;5;
whiskers developed proliferative or dedifferentiation lesions by 3-weeks post- E:E:E‘
exposure. Most of these lesions were mild in severity. ::::::f
Nickel-coated graphite was also markedly cytotoxic, causing diffuse :;”**'
necrosis at the 1 mg/ml level. The incidence of proliferative, metaplastic 3;3:;
and dysplastic-changes was inversely proportional to the incidence and S;E“S
severity of degenerative and necrotic changes. ag:;:‘
A
3.4 Morphometric Analysis IO
. 232
AN
The results of the image analysis studies of tracheal organ cultures 3&52\(
are summarized in Table 3. The individual values for each serial determina- i!‘ X
tion are in Appendix C. The values listed in Table 3 are the mean percentage Eﬁii;;
of each group of tracheal explant mucosas analyzed that had proliferative :ﬁ:iif
changes or alterations in cellular differentiation. Oue to the unequal number ;EIZ:?
of explants in each group (a result of explant death or loss unrelated to :'\'n

treatment) the data was nonhomogeneous. Therefore, nonparametric analysis of
variance techniques were used to examine statistical differences between

)
']

“'ll 'l‘ll"

* .' .

Ve

groups. -
Among expl%nts exposed to 100 ug/ml of each test article, both ::'
asbestos and Ni-coated graphite groups had a greater degree of lesion involve- %E;E:
ment (p < 0.05) compared to both media controls and explants exposed to glass :fj?’;
beads (negative control). Explants exposed to brass dust also had a signifi- :i:£$4%
cantly greater area of tissue change compared to the glass bead group. ;:?"

Explants exposed to media alone, glass beads, KS-2 graphite, micro-260
graphite, and iron whiskers each had significantly less (p < 0.05) mucosal
lesion development compared to asbestos (positive control).

Comparison of explants exposed to 1 mg/ml of each test material

showed that explants treated with asbestos, KS-2 graphite, aluminum dust and

P - .
P .
AN
et .0
o .

iron whiskers had significantly (p < 0.05) more mucosal lesions than the media :i
or negative control groups. Explants exposed to asbestos had an average of q}}ii.
32 percent mucosal involvement of a proliferative or metaplastic nature, which iiﬂi

was significantly greater than the media, glass beads, brass dust and Qi:;i

Ni-graphite groups. Expliants in these later two groups treated with brass

dust or Ni-graphite had moderate to occasionally severe degenerative and
necrotic changes following treatment with concentraticons of 1 mg/m); a tissue
condition which is not conducive to proliferative changes.
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TABLE 3. GROUP MEAN PERCENTAGE OF TRACHEAL EXPLANT MUCOSA WITH
HYPERPLASTIC, METAPLASTIC OR DYSPLASTIC LESIONS

Test Material 100 ug/ml 1 mg/ml 10 mg/ml
Media Control 10.1 + 12.2¢ 10.1 + 12.2¢ 10.1 + 12.2b,¢
Glass Beads 7.1 + 9.5€ 11.1 + 14.7¢ 31.5 + 27.44
Asbestos 27.6 + 26.23,b 32.0 + 24.43,b 31.9 + 22.48
Graphite Fibers NA 24.2 + 25.7 21.8 + 21.2
KS-2 Graphite 12.9 + 18.6C 25.8 + 27.82 9.7 + 11.9b,¢
Micro-260 Graphite 11.1 + 15.5¢€ 21.0 + 19.1 11.3 + 14.5b,¢
Printer L 13.7 + 12.4 22.7 + 16.9 10.9 + 15.4b,cC
Aluminum Dust 16.9 + 14.8 38.4 + 28.13,b 18.7 + 17.3¢C
Iron Whiskers 0.0 + 0.0C 30.4 + 21.03:b 22.8 + 14.8
Brass Dust 23.6 + 25.6b 0.0 + 0.0€ NI
Ni-Graphite 35.1 + 27.23,b 14.9 + 25.3¢ NI
gSignificant1y different (p < 0.05) from media control.

cSignificant]y different (p < 0.05) from negative control (glass beads).
Significantly different (p < 0.05) from positive control (asbestos).

NA - group not available due to loss of cultures by bacterial contamination.
NI - group not included in experimental design.

IAIA A

Differences between groups began to diminish at 10 mg/ml level,
apparently due to increased cytotoxic damage. Tracheal organ cultures exposed
to asbestos, glass beads had a significantly (p < 0.05) higher percentage of
lesion development compared to media controls with a suggested difference
noted in explants exposed to iron whiskers. Each test article, except iron
whiskers, glass beads and graphite fibers had significantly less mucosal
reaction relative to asbestos. Explants were not exposed to 10 mg/ml of brass
dust or Ni-coated graphite due to the severe necrosis that occurs at that
concentration,
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4. DISCUSSION

There are a number of in vitro models with a variety of endpoints
that have been used to assess the carcinogenic potential of both organic and
inorganic materials. The latter class of substances (which have low
solubility rates) are proposed to exert their oncogenic effects by epigenetic
mechanisms. Because these mechanisms typically involve direct physical
contact with a target cell, organ culture systems are well suited to examine
the neoplastic effects of inorganic materials. The tracheal explant model has
been investigated for over 20 years with these objectives in mind, and tech-
niques have evolved that allow development of putative neoplastic lesions in
the mucosa following exposure to known carcinogens (i.e., asbestos); lesions
which are morphologically and histiogenically similar to those observed in the
upper airway mucosa of live animals and humans subsequent to carcinogen
exposure.

The results of the studies presented in this report suggest that
there are significant differences between the test particles in the type,
incidence and severity of the epithelial changes that each induced after in
vitro exposure. The spectrum and magnitude of differences were best appre-
ciated by quatitative histopathological evaluations, but the combined proli-
ferative and altered cellular differentiation changes were also measurable by
quantitative histomorphometry. For example, the severe cytotoxicity of brass
dust and Ni-coated graphite was easily determined by qualitative evaluation,
while image analysis of tracheal explants identified statistically significant
increases in pre-neoplastic lesions in tissues treated with asbestos, iron
whiskers, Ni-coated graphite, aluminum dust or KS-2 graphite, at least, with
one of the concentration tested.

There were several factors in this study which prevent direct com-
parisons of each test article at identical concentrations and, therefore,
limit final interpretations. Perhaps the most important of these factors is
the issue of delivered dose to the target tissue. Since it was the intent to
examine these materials in a physical state that was similar to the physical
nature of the material that may be involved in potential human exposure, there
was little to no attempt to equalize particle size distributions hetween test
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materials. The long fibrous materials were ground with a mortar anc pestle tc
a fine powder in order to suspend the particles for explant exposure.

However, the particle size distribution data showed there was a marked
disparity between test materials, ranging from an MMD of 2.0 .m for asbestos

to 44.8 um for iron whiskers. The majority of the test particles had MMD of
10 um or less, which should allow for evenly distributed cellular interaction

and some internalization of particles. However, since in determining the MMD
of a test material, mass is a cube function of diameter, a monodispersed
particulate material with an MMD of 1 um has 1000 times more particles in the
range of the smaller fraction (-1 um) than does a material with an MMD of

10 um. Therefore, materials with smaller size distributions will have signi-
ficantly more particles in the size range which would likely interact with a
target cell. Therefore, the relative non-toxic behavior of Printer-L carbon
black (MMD of 16.1) may be in part due to a lower delivered concentration .of
[ "reactive-size" particle to target cells. In contrast, the iron whiskers

! which had an MMD of 44.8 um was one of the more reactive materials in this

' assay, and would likely be more toxic in this model system if the MMD were
reduced.

\ The second feature which precludes direct comparison of edch
material at a specified concentration is the relative cytotoxic effects each
test article demonstrated. The experiment was designed to assess the
potential of each test article to induce changes in tissue differentiation or
proliferative response in tracheal organ culture. Since cytotoxic changes
(necrosis) generally preclude cell growth or dedifferentiation, non-cytotoxic
concentrations of each material were selected to examine the former effects.
The non-cytotoxic dose varied for each test substance. The less cytotoxic
each material was, the incidence of proliferative changes increased witn
elevated concentrations. This effect was not noticeable with glass hedds at
10 mg/m1; at which concentration each other particle induced over a two-thirds
incidence of cytotoxic change, with corresponding decreases in proliferative
lesions. However, 10 mg/ml of glass beads did not cause an increase in cell
damage relative to media controls, but after 3 weeks in culture d7; incregse
the percentage of proliferative tissue changes.
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One final complicating factor inherent in this test model is the ?EE:{E
spontaneous change of Tumenal mucosa from tall columnar epithelium to a simple Eﬁ;jzjﬁ
cuboidal or squamous layer. This effect was typically more prevalent with _f{:i N,
increased time in culture and appears to be a non-specific response to the :VJ{\'
environmental conditions of tissue culture. The change can also be induced E;%:e:
(as it was in this study) by various toxic substances. However, the toxic ﬁiﬂ&::
response must be considered relative to the background changes in control ﬁ:ﬁ:?"
tissues. These changes can also be minimized by addition of serum or L 5
retenoids to the culture media. However, the addition of serum or retenoids {EZ&E;J
also protects the epithelium from metaplastic, dysplastic, and hyperplastic ,}:%:i‘
lesions which occur following exposure to materials like asbestos. Since the N
intent of these studies was to optimize conditions to permit development of TN
these lesions, only a small, defined amount of retinyl acetate was added to Et§:§~
the’ media, at a concentration sufficient to prevent spontaneous squamous E;Eizhf
metaplasia in control tissues, but does not prevent asbestos-induced meta- )
plasia (results previously defined in the literature and this laboratory(3,8), e

5. CONCLUSION ~
®
N
Therefore, given the limitations discussed above, the following is 5:323:
R
proposed as a relative rank ordering of the potential of each test material to :41\;:’
. L) - -\‘
induce morphologically apparent pre-neoplastic lesions in tracheal organ 2;$}3}
cultures. Crocidolite asbestos (positive control) and Ni-coated graphite were ?~

the most reactive in this study. Iron whiskers, aluminum dust and KS-2
graphite caused an intermediate level of tissue response, while the remaining
substances did nct cause significant tissue responses compared to control
explants. The most cytotoxic materials were brass dust and Ni-coated g<~
graphite. Asbestos and iron whiskers caused significantly less cellular K;;-’
damage, but s1ightly more than the graphite materials, aluminum, carbon black
or glass beads. M
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o
6. SPECIMEN STORAGE AND RECORD ARCHIVES ;S:\Zé
AN
Records of animal receipt, quarantine, organ culture procedures, ::j;}:
tissue exposure data, test article analysis, histopathology, morphometric 55551
analysis, and other information pertinent to the conduct of this study as &{:i;
defined by the protocol are contained in appropriate labeled notebooks. Al! 3:::§
original data and pathology materials are stored at Battelle-Columbus Eisﬁsa
Division. The remaining test article will be returned to the Client subse- 'fuﬁh‘
quent to submission of the final report. Tissue samples will be returned tc E;i?ﬂ
SO Al

the Client upon approval of the final report.
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PARTICLE SIZE ANALYSIS By ELZONE METn(D

PARTICLE DATA LAKORATORIES, LTD.

115 mAdN STRZET - ELNRURST, IL. 60123
TELEFRONE: (312)852-3008

S :DATA

CLIENT: BATTELLE COLUMBUS LABS 20 DEC 85 :
1-9742 :J0F NUMRER

SAMFLEs GLASS BEADS

VOLUME (MASS) DISTRIBUTION FnOih DISFLAY ARch: 4

IHDICES

VOLUME MODE =  2.79 MEDIAN = 2,60 MICKONS AND LARGEW

on

72 ( 28.281) SKcWnE3S = -3

GEOMITRIC VOLURME MEaN = 2.54 ¢/~
ARITHMETIC VOLumc mEAr = Z.ol -/= .63 € 23,95%) SHEWNESS = -2
FERCENTILE: 00.i% OF VGLumE IS AT 3.5B miCRUNS AND LARGCR
PERCENTILE: 01.0% OF VOLUME IS AT 4,23 miCRONS AND LARGER
FIRCENTILE: 06.0% oF VOLUME IS AT 3.50 NiCROKS AND LARGER
FERCENTILEs 22.0% GOF vOuumE 1S AT 3.10 mICRONS AND LARGEK
FERCENTILE: S0.0% Gr VO.umE IS AT 2,60 MICRONS AND LARGER
PIRCENTILE:  73.0% OF viLunE iS AT 2,12 4ICRONS AND LARGER
FcRCENTILE: 94.0% OF vlLURE IS AT 1.06 RMICKUNS AND LARGER
PERCENTI_E:  97.0% OF voobme i3 AT 1.26 ri70nS AND LARGEF
PERCENTILE: 99.9%7 OF W(LUME IS AT .99 RICRONS AND LARGEK

COUNT (FREQUENCY) DioTRAEUTICN FROM DISFLAY ArtA: o

INDIES

CounTS mODE = 2,27 mEDIAN = 2,12 MICRONS AND LARGEX

GEOMETRIC COUNTS MEAW = 2.03 +/- 20 ( 34.29%) SKEwNESS = -.33
ARITHRETIC COUNTS mEan = 2,12 /- 61 ( 26.52%) SkEwnEadl = -, 24

8 MICKONS AND LARGEN
RICKONS AND LARGER
RiCAdno AND LARGER

.
(%]

FEFCENTILE: 00.1% Gr COUNTS IS AT
PERCENTILE: 01.0% OF COUNTS 15 AT
rERCENTILES 06,04 OF COuUNT3 IS AT
realendlner 22004 GF COUNTS IS AT NN

PERTZNTILE:  50.0% OF COUNTS IS AT NICRONS AND LARGLA
FeRlenTiies 76.0L OF COUNTS IS AT 1.60 MICRONS AdD LARGER
PERCENTILE: 94.0% OF COUNTS IS AT 1.26 MICR(nS AND LEKGER
eorlinTloEr 99,04 OF COUNTS IS AT «99 WICKGNS AnD LARGER
PERCENTILE: 97.9% OF COUNTS I35 AT .89 SICRONS AND LARGEK

o

=1
>
-
ol
x
[
4
o
»
x
=]
-
x-
e
o
[adl
P2

.

PP W LY
.
Lot g A
>

r

Appendix A 31

A M o'y

Hat o S ah tad il Vel tal Vet tal Vel Vap tad Pat Vug eof oy tog tog o ol

LRI P LY A o - - et " . .
e B S Sy TR RN o o a0 1y T3 o T At o T T T A A

»

L o

LS

R
'J“:,‘-,'-

> o % a_»

MR Y




AN e e

115 néch STREET - ELMAURST, L. 60iZ6 L

TELEFRONE: +3121652-3033

CLIENT: BATTELLE COLUNBUS LARS 20 DEC 85 :DATA

SAMPLE: GLASS BEADS 1-9742 1JOB NUREER
PARTICLE SIZE vS. COUNTS
£rLLOSING
LOw AT 18 .89 112 nIGH AT 74 6,20 1

GiAPH OF DIAMETER SIZES VS, DIFFERENTIAL COUNTS FROM CHANNEL 18 TO 74, AND SKIF: 2

I MaX  SIZE O 10 20 kit 40 50 690 70 8¢ EAY iw

| ' | I [ i i '

| ' |
leosevvacs seerensce’coarenane  severnane'cnsnvesne svennane elecascrenalccnarsrnsnissorerenslcancinnes
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4,6 920 - - . . . . . . . . . . . . . . .
1.9 1.025===mmmomee L I . . . . . . . . . . . . . . .
0.1 1130 = == === - - -~ * . . . . . . . . . . . . . . . .
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1
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59. 1w s e e e e e \d
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997 D e e e e e e e ’ :;_;:
§a.9 P I NN A S R R ’ ._:-':
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1. 3.580--=mm-==me- LI .o . . i
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PAFTICLE SIZE ANALYSIS BY ELZ0NE METhdL RO
FARTICLE DATA LAKORATORIES, LTD. NN
115 i STREET - ELAMURST, Ii. 60326 EYSAENA
TELEFHONE: (312)832-5656 RN
; o
CLIEMT: BATTELLE COLLMEUS LAES 20 DEC 8% :DAR °
SAMFLE: GLAS> BEADS 1-9742 $JOF NUMBER ISR
e -(#,.
PN’
"TGTAL IN TABCLATIONS TGTAL COUNT OR VOLUME In ANALYSIS :;;?,«;;:
':":-;',f
. TABULATION Al
DATA ID 9742 DATE 20 DEC DS
SIZE-NORMALIZED COUNTS DISTRIBUTICN BOReSs
TOTAL = 91563 RN
NINIRY
Cnii SIZE COUNTS 1>  CHNL SIZE COUNTS 1> CHNC SIZE COUNTS 1 W
°
- %
18 .89 112 103,00 37 172 W 76 S6 3,32 105Y 3,42 ‘.;xj‘_:::
19 . 187 99.88 3 1.78 3427 70.08 $7 344 743 2.26 RSN
20095 1 99.87 39 1.84 3498 66.33 58 3.5 453 1.45 NN
2.9 37 99.38 40 1.91 51 62,51 59 3.68 324 .95 Al
2 1.02 469 98.93 41 1.97 3728 98.53 60 3.81 220 .40 MANGN
21,06 555 93.46 47 2.04 3849 54.46 61 3.95 126 .36 ® .-
4100 &9 97.3 4 22 95 50.% 62 4.09 00 .z NN
235 1.13 823 77.10 44 2,17 4059 43,93 63 4.3 47 .8 TN
6 1aF K a2 45 L2740 4150 64 4.35 i Y RSN
Uoon ake  95.18 44 2.35 4082 37,03 S 4.4 20 .07 hSRGRY,
26 o 123 94... 47 .43 47 2.9 66 870 17 RO B
9130 1416 .67 A8 252 B7S I6.26 67 4.8 10 .93 ® s
30 135 1609 91.07 49 2,60 34z 24,03 68 5.03 4 02 .;«;:f.:ﬁ
31140 19,5 5.5 S0 2,70 3ear 20,05 69 5.2 4 2 RNt
3045 2054 .22 512,79 3149 16,25 70 5.37 7 .l RN,
N0LIy e A% 5218y 16 QLB 7 5.5 ! .60 ;};x’,
3 155 2437 2.53 53 2.9 2359 7.79 VW 1 .00 VLYY
S1.50 2723 79.86 S4 310 1974 7.2 73 5.98 i .00 ?,._,..,
36 .66 30 76.88 55 321 1505 5.06 74 6.20 1 .00 RN
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FARTICLE SIZE ANALYSIS Y ECZCME METHOD ® ...
ZARTICLE DATA LAKGRATONIES, LTD. Bty |
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PARTICLE SIZe ANALYSIS By fozlnc heinlD
PRYTICLE DATA LARJAATORIES, L7D.
115 HAHN STRECT - ELMMURST, IL. 60126
TELZFHONE: (312)832-5658

CLIENT: BATTELLE COLURBUS LABS 20 LEC 8% :DATA
SAMPLE: GLASS BEADS 1-9742 :u0k NUNBER

"TOTAL IN TABULATION= TGTAL COUNT OR VOLUME IN ANALYSIS

TABULATION

DatT4 1D 9742 DATe 20 DEC
SIZE-NCAMALIZED vioLuhe DISTRIBUTION
TOTAL = 1047004

CrNL SIZE  VOLunE * ChNL  SIZE vOLUMz X ChHNL  3:Zc  VOLUNE
18 .89 75 105,00 37 172 15136 93.48 96 3.32  370eS
19 S 498 3%.7% 36  1.76 16456 92.04 37 3.44 204k
20 W99 474 99.99 3F 0 1.84 24308 90.28 58 3.5 19940
2 97 580 79.9: 40  1.71 24204 8d..9 37 S.68 15476
22 1,02 738 99.9% 41 1.%7 27520 85.97 80 3.81 11695
23 .06 875 9%.78 40 2,06 3iel? 35447 6. 3.9% 7372
24 1,10 97. 95.70 43 .12 381y 80.38 62 4,09 K87
29 113 1147 99.61 45 217 40798 76.97 83 4,25 3438
26 1.17 1444 99.50 S4.27 85,70 73.08 66 4,35 2256
27 1.22 18,9 99.36 4y 1,35 0518 68.73 65  4.94 1743
28 1.26 2439 79.1% 47 2.43 94195 T b3.7. b6 4,70 165,
29 1,30 2995 73,95 48 2,52 5308 96,73 67 4,88 1673
0 1,38 K 93.47 49 2,60 615% 93.13 66 5.03 910
3 1.40 4977 6.3 9 2.70 85319 47,27 8% 3.41 S0
32 1.48 Syl §7.33 1L £93s 41,04 700 5.39 1047
33 .39 7154 97.27 22 2.8% 63759 34,80 71 5.3 43
34 1,55 8607 §3.56 53 2,99 0450 28.73 72 578 258

S 1.60 10755 3.7k 4 3.0 S0izb 22,37 73 5.99 <t5
Jo 1.66  13:24 94,73 23 3.21 0 47453 12,62 74 6.20 3.8
£]
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CLIENT: BATTELLE

SANPLE:

PARTICLE SIZE ANALYSIS BY ELZONE METHOD
PARTICLE DATA LABORATORIES, LTD.
115 HAHN STREET - ELMHURST, IL. 60126
TELEPHONE: (312)832-5658

16 JAN 85 :DATA

CROCIDOLITE

VOLUME (MASS) DISTRIBUTION FROM DISPLAY AREA: 4

INDICES

VOLUNE MODE =

1.84 MEDIAN =

GEOMETRIC VOLUNE NEAN

ARITHMETIC VOLUME MEAN

PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:
FERCENTILE:
PERCENTILE:
PERCENTILE:

00.12
01.0%
06.0%
22.0%
50.0%
78.0%
94.0%
99.02
99.9%

oF
OF
OF
oF

~
-

oF
0F
OF
0F

1.84 HICRONS AND LARGER

= 1.92 ¢/-

= 4,59 +/-

VOLUNE
VOLUME
VOLUNE
VOLUNE
VOLUNE
VOLUME
VOLUNE
VOLUME
VOLUME

IS AT
IS AT
IS AT
IS AT
IS AT
IS AT
IS AT
1S AT
IS AT

J.28 (274.442)

SKEWNESS

7.74 (168,76%) SKEWNESS

67.71 HICRONS AND LARGER
38.8% MICKONS AND LARGER
18.14 MICRONS AND LARGER
9.21 MICRONS AND LARGER
1.84 MICKONS AND LARGER

.70 MICRONS AND LARG..K
.25 MICKONS AND LARGER
.11 HICRONS AND LARGER
.07 MICRONS AND LARGER

COUNT {FREQUENCY) DISTRARUTION FROM DISPLAY AREA: 35

INDICES

COUNTS MODE =

GEOKETRIC COUNTS MEAN

ARITHNETIC COUNTS MEAN

PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:

.07 MEDIAN =

00.1%
01.02
06.02
22.0%
50.0%
78.02
94.02
99.0%
99.92

Appendix A
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0F

OF

OF

OF
OF
oF
OF

COUNTS
COUNTS
COUNTS
COUNTS
COUNTS
COUNTS
COUNTS
COUNTS
COUNTS

.10 MICRONS AND LARGER

A2 4/-

14 ¢/-

IS AT
1S AT
IS AT
IS AT
1S AT
IS A1
IS AT
IS AT
15 A7
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AR AL A oo
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.08 ( 49.56%) SKEWNESS

.13 ( 93.43%) SKEWNESS

1.50 NICRONS AND LARGER

.65 MICRONS AND LARGER
.30 MICRONS AND LARGER
.16 WICRONS AND LARGER
.10 MICKONS AND LAKGER
.08 MICRONS AND LARGER
.07 MICRONS AND LAKGER
.07 MICRONS AND LARGER
.07 MICRONS AND LARGER
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; PARTICLE SIZE ANALYSIS BY ELZONE METHOD ::$“3:.':
¢ PARTICLE DATA LARORATORIES, LTD. Y
: 115 HAHN STREET - ELNHURST, IL. 60126 ey
i TELEPHOME : (312)832-5658 NN,

!

CLIENT: BATTELLE 16 JAN 85 :DATA AL

. SAMFLE: CROCIDOLITE 1-9742 :J0F NUMEER S
X PARTICLE SIZE US. COUNTS oty
» ENCLOSING s

LOW AT 1 .07 BO0000O HIGH AT 88 27.50 1

TR VO
A
i»a
o5
o’
”

F' CRAPH OF DIAMETER SIZES VS. DIFFERENTIAL COUNTS FROM CHANNEL 1 TO 88, AND SKIP: 2 ‘_'::2':--
‘ . S
Ny
$ L MAX  SIZE © 10 20 30 40 50 ) 70 80 90 100 l:'I:"
Vavenevseslossonseselensosassslovnnseneeloesnsanesls " ' j . | UGS
b ST FUSRN TR et eenn TR PUTT o
T T 7 2 e - --- "
R A e eI I e L AT
B8 .0 oo e o
“.5 .12} """"""""""" *, . . . . . . . . . . '::'
2.8 A E L e
X BS AP ----------- - oL e e e e e e e e e e e AR,
16.5 .2 L e ey e ]
11,3 28 - - - - - " ) e e T
7»5 35‘) """"" * . -
4.9 43> - - » . . . . . . .
KIS R o . ) ) ;
1.9 .65 -# . . ..
1.4 .805-¢ . ) . . . .
G R T ; .. NN
A 1.2 .. . ) . PR
2 150w, : Ce e .o NN
Jd 0 184, . e e .. . NN
A2, L. ... . . . PPN,
N 7 T e e e e . .
RN T e NN
R < T e e e e . . . oy
OS2 L L . . . L, .o . N
O SADE L L Lo L, O
T 1 hRAS
O 0IDE L e e s s s, S
T T DAY
Y U T 7 V
T T o
5 7 S .o Y
00 2750 . . . .. ) .. Yoy
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FeRTion SIZE ANALYSIG By £ lONE METHO]
FASTICLE DATA LAMORATORIES, L70D.
(10 HAHN STREZT - ELMURST, Jl. 6lile
TELEPHONE: (312)832-565

CLIENT: BATTELLE 1o JAN 85 :DATA
SANPLE: CROCIDOLITE 1-9742 :JOB NUMBEK

"TOTAL IN TABULATION= TOTAL COUNT OK VOLUME IN ANALYSIS
TABULATION
DATA ID 9742 DATE NO DATE

SIZE-NORMALIZED COUNTS DISTRIBUTION
TOTAL =86890352

CHANL  SIZE COUNTS 1> CHNL SIZE COUNTS %o CHNL SIZE COUNTS
i .07 8000000 100,00 3 .33 257827 1.87 41 4.23 587
2 .07 7434735 90.79 32 .97 220094 1.57 2 4.34 57
3 .08 6889214 82.24 33 .41 187335 1.32 43  4.86 352
4 .08 6365400 74.31 34 .65 158995 1.10 64 5.2 266
9 .09 5864701 66.98 - 35 70 13455 .92 5 5.58 195
4 .09 5388074 60.23 36 .73 11355 .76 66 5,98 149
7 10 4936195 54.03 37 .80 95538 .43 67 b.41 117
8 .11 4509419 48,35 38 .86 80097 .52 68  6.87 90
9 .12 4107876 43.16 39 92 686773 .43 &9 7.37 49
10 .12 3731524 38.43 40 .79 G5206 39 70 7.90 54

1 .13 3379216 34.14 41 1.06 45777 .2 71 B.46 2

12 .14 3002769 30.25 42 1.13 37457 .24 2 9.07 33
13 .15 2749733 26.74 43 1.2 308¢8 .19 73 9.72 25

14 .16 2469783 23.57 44 1,30 25298 16 74 10.42 20
15 .17 2211977 20.73 45 1.40 20937 A3 5 1.7 16
16 .19 1970449 18.18 46  1.50 17288 .11 76 11.97 13
17 .20 1799282 15.91 47  1.60 14286 .09 77 12.83 10
18 .21 1562283 13.89 48 1.72 11859 .07 78 13.7% 8
17 .23 1383439 12,09 49 1.84 9665 .06 79 14.74 6

2 .25 1221602 10.50 50 1.97 7830 .04 80 10.79 N

2 .26 1075382 9.09 51 2.12 6349 .04 81 16.93 4
22 .28 944348 7.8% w0 2.27 5148 .03 2 18.14 3

PX] .30 826893 6.76 33 2.43 4145 .02 83 19.44 2

24 L33 721955 .81 94 7.40 3344 .02 84 20.84 2

29 .35 628543 4,98 .79 2605 .01 5 22.34 1

26 .37 545666 4,26 56 2.99 2062 .01 86 23.94 1

27 A0 472376 3.63 97 3.2 1626 .01 87 25.46 i

28 .43 407774 3.09 58 3.44 1783 .01 88 27.50 1

29 .46 351012 2.62 59 3.48 1007 .00
30 .49 301296 2.2 60 3.95 778 0

DISPLAY ARER: 4
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PARTICLE SIZE ANALYSIS BY ELZONE METHOD :s-.
PARTICLE DATA LABORATORIES, LTD. : :.’-".-:j

‘.
115 HAHN STREET - ELMHURST, IL. 60126 )
TELEPKONE: (312)832-5658 S

:I, l‘:l.'

CLIENT: BATTELLE 16 JAN 85 :DATA
SAMPLE: CROCIDOLITE 1-9742 :JOB NUNBER
PARTICLE SIZE V5. VOLUME
ENCLOSING ;
LOW AT 1 .07 153223 KIGH AT 1C5 89.34 11493

GRAPH OF DIAMETER SIZES VS. DIFFERENTIAL VOLUME FROM CHANNEL | TO 103, AND SKIP: 2 g;p‘z.;r_?q

I MAX SIZE O 10 20 30 40 50 80 70 80 90 169 Gy

CaCaN"y
! ! ! ! ! ! ! Veesovaooalevnnnnnad! S
!llllllll'~'l.llll..-'.ll.lll.«lll"."l SR VSR AP . GBEPECINRP . BB PrS sV EBseR e . .--t\.:\ﬂ
7 Srm—— * . . . . - . . . . . . . . . . . . . M :'- N
il o o
Je 2 . . . . . . . . . . . . . . . . . . ®
7.8 10 mmm——— [ R . . . . . . . . . . . . . . , . . ‘_J:,_:,,;:
11. 112) ------ * . . . . . . . . . . . . . . . . - . :'-:"t‘.
15.2 15rmemmmem e * . s . . . . . . . . . »""'._4'. Lt
oo i S . . . . Paic
20 B e e e e e e e A
; % NS
6.7 B e e e e e e e ST
34.0 Bl R S e L . . . . . . . . . . . . ! e
42.2 3% LI . . . . . . . . . . . ,’:'.":t"-.
51.4 B K Sl kol et * . . . . . . . . _;._:.,\.J:,.
0.3 .5 oL e e i
69,4 45y e - - - mmemem e~ .. . P
* e *»
77.8 803 Wl . . . AN
83.9 99 - e e -me-mmmmesecmemeaoees-cscm oo oo > ..
) - * AN
87.3 22 . . \-_\::\:
...... o
994 1,503 - = - - -me=-==s=e==--eee-eaeee-o-e-eo-oo- . . R
T T T ' N,
94.8 ey s R IR A i * } :,
91.6 95 * PO
L e R S i e A LI . .

@

w 0 O
« 3 v e
AR N S

~,

N - X
YRR Y
]
1
t
t
]
1
]
3
L
t
)
[}
]
[}
[}
]
1
i
]
]
t
1
t
)
1
)
]
)
)
L
.
.
.
.
.
.

:
O I oro R g RO
FA Pl J

v
-

~NOOs QN B W AT P) e e s
- .

Lo & L~

1. [ R e e * |, . . . . . . B .
5.6 9.72mmmm- £ L. ..
340 11,975 - - - - mm e e e e m oo L. e e e e e e e
32,2 14,743 =m=mmmmmmmmeemm oo L L e e .
30,9 18,14y = = - = - = e - - - e - -~ ] . . . . . . . . . .
73,5 22.34)------ L. . e e e e e e ..
18,5 27,505 - - - - - - - - - .. . .. e e e e e
11,8 33,85 -=memwmmmoem YL L e e e e,
7.7 41,68 - - - - oL s e e e e e e e e e e e
Q\-

4.5 5Lk . . w . e e e e e e il
28 63475 -k . L o oo e e e .o e
I T b g

PN FOUSTRUR DU RN PO FUS SRR DU SO DU P

ALt

SIE o 10 20 30 40 30 60 70 80 90 i

re
x
>
>

P
o~y
2

Appendix A 39

LS
'l
Y

R

SNy

LI R PR I T O - - - . DR
AR Y L, LA AL s A S S R i P N R SR T A ST T AL I T L N O S U
e e O oy e e e e e N e et N e e AN




bl J“' J‘\

mmmmmmw\“.m‘.vxww (S BUa 2o Rta 20 Ao ki e Te DA PR R AR RS R hlA LN L] -3

who TR SITE aNGeYais ont L) v AETAT

N
\.

FRRTICLE DA ¢ LRRURATIRIES, UTD.
115 HAHN STREET - ELMHURST, [o. 60126

- w
SRR
.‘-\.:
\ .

LS
}1‘)1}-

P
".\-

TELEFRONE s 131213505658 :j.:;‘:;:

AT ASN

CLIENTY BOT7e it Lo ot BT eliTa PRANRS

| SeNFLE:  CROCIDOLITE D-P740 L00F WUMBER AN
AV

J':':P:-’:n

"TOTAL IN TABULATION= TOTAL COUNT 0R VGLUME IN ANALYSIS AN

s
[3

7’

Aok
TABULATION ;3-':5-5
\"-.iwj
DATA ID 9742 IATE MO SATE NS
SIZE-HORMALITED VCLUNE DIGTRIMUTION _',-_.-j::}“
TOTAL =85464179 .::'.;:'}:-f
CHNL SIZE VOLUME T Cwe SIZE VTUUME 7 CReU SIZE VOLUME 2
1 .07 15373 100.00 36 .75 3148773 2.4 71 8.46 1683089 14,75
2 .07 175283 994 37 .20 2082224 7480 ST TN 13,4
3 .08 199957 §9.37 33 .86 236odsi  73.04 73O9.77 1534803 12,97
A .08 27847 9970 .92 3655197 71.23 740 10,42 1470477 12,14
< .09 257993 99,50 40 .99 3516978 49.37 S OI1.i7 1431614 11,34
& .09 291312 99,45 41 108 ISNCUS 47,47 76 11,97 1429711 10,47
7 .10 329133 99.30 42 1.13 263615 .73 77 12.83 1418116 9.80
B .11 320128 99.12 45120 3862400 6357 78 13.75 1401141 9.04
9 L1D MS160 98.92 441,30 2702520 41.40 79 14.74 1352193 8.2
10 .32 464294 98.70 S 1,40 372598 59.40 80 15.79 1305759 7.5
11 .13 S17773 98,44 4 1.50 3835045 57.57 Bl 16.93 1304148 6.85
12 .14 575782 98.17 471,50 3901673 55.50 2 18.14 1281154 6.5
13 .15 638477 97.86 48 1.72 1987273 $3.40 83 19.44 1206238 5.46
14,16 705999 9751 49 1.84 4000000 51,25 84 20.34 1079037 4,31
15 .17 778453 97.13 S0 1.77 1988795 49.09 S 22.34 985956 4.3
16 .17 BSI91S 9671 S 2,12 399812 4694 86 22.94 9361%S 2.0
17 .20 938425 90.28 2007 18s4 44,78 87 25.66 908091 3.19
18 .21 1075978 §5.74 3 2.43 294257 40.sa g8 I7.50 775579 )
19 .23 111850 95.19 S4 2.60 3914602 42,51 39 29.47 498405 2.8
200 .25 1215980 94,59 ST 2.7 3840637 3B.4f 3 3,59 61225 1.51
2 .26 1318184 93,53 S5 .99 3656884 36.33 91 33.85 496098 1.58
2 .23 1424937 93.22 57301 35T 34006 90 36.28 414948 1.3
23 .30 1535981 90.45 4 3,44 344970 2.4 93 38.89 394214 1,09
24331650594 91,47 S5 3.67 IIIUAT 3,66 %4 41,68 372100 .59 .
25 L35 1769504 96,73 80 3.9% 3168827 16,79 %% 4467 25015 72 AN
26 .37 189139 89.76 Al 427 D9MATS 2700 9% 47.88 215774 .53 el
27 .40 2015797 ag.74 87 454 2826077 25.49 9T £ 190197 47 NS
PR .43 2142336 87.4° &3 4.86 2678055 23.97 98 55.00 168627 .36 sy
29 .44 2270381 B8s.52 64 S.21 DBI9C 225D 99 48.94 136838 27 ®
30 492 g5 85 T I6MaE L 100 63,17 117856 2 AT
31 .53 2508314 84,00 46 5.98 2122049 19,97 101 67.71 83181 By "_'-'.-:!"::
32 .57 2656763 B2.ed 67 641 2034108 18.87 100 72.57 58407 .09 )
33 .6l 278337 B1.20 63 6.87 1939056 17.73 103 77.78 58084 .06 AN,
34 .45 2908753 79,70 8§ 7.37 1822335 1668 104 B82.26 42119 .07 ke
S L3I 75,13 070 1SR 15,700 105 89,34 11493 .01 ®
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ARTTAMETIO YOolubMe mEA = 5,00 +#/- 3,45 ¢ 68.%4%:  SecwnESS = .14 e
A
TN
- - R - e -z - H Lo T
00,15 OF vdiore L3 AT lD.sc MICADRS ANL LARGERN -'::-f{f:
; : 01.02 OF VOLUMT I5 AT 19.44 aICAONS AND LAKGER f-:-'.:*'
- - . . - ~ oo . - . . avom e
F 23 Ooovk 07 VBLuME 15 4T 10,17 MIDRONS AND LARGEA St
2 23 Z0.Ghn 37 udLLnL LS AT 5,98 MITAGNS AND LRser : ‘
Fe SUUL e GBudre I5 AT 60T M, SURG AND LRRGER TR
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3 OF Whiumz 2 &7 LL29 nmllsied A6l LAROER L
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AN
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L .11 #/- Logé o =0.76%  StZwNedy = W5 ~
GrTTHMe 710 COUNTS MEAN = 1,41 +/~ ia1d O BU.S0R)  aintwnES: = .34
CERCENTILE: 001X OF COLNTS 1S 4T 7.5C WILROND ohi LARGER
PEY TR GLL0L F COunTI 15 AT SL3Y RICAONG ANL LARGEF
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25 1.5 %99 38,547 %9 4,54 20% Ledl 5. 13,7C z L0
Jooo1.it 3734 RNt e 470 184 iel? 7. 14.23 < .01
5 1.60 3514 32.%c el 6,35 T 1.04 93 14.74 2 Y
30 1.06 3373 KIEX] Y VK] 163 .G 34 15.26 1 .60
31 2 3162 27.%7 63 5.1 130 .79 95 15.79 1 .00
32 1.78 3004 25,70 04 S.3% 12z 70 96 16.35 i o

PISFLAY AREA: 4
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FRRTICLZ SIZE ANALYSIS BY EoZ0id METAGD
FARTICLE DATA LARGRATORIES, oT0.

&2

W ELXE

TELZPAONE: (312)832-5455

CLIENT: BATTELLE COLUNRUS LABS 26 DEC 85 :DuTA

SARPLE: mICRG 260 SYNTRETIC GrAMITE 1-9742 5005 numBER
3"
ﬁj “TOTAL IN TABULATION= TOTAL COUNT OR VOLUME IN ANALYSIS
~
l.\.
> TABULATION

’n

-~

DATA ID 9742 DATZ 26 DEC

' SIZE-NORMALIZED VGLUME DISTRIBUTION
. TOTAL = 1736320
[
:','3 CHNL  SIZE VOLUME X3 CHN. SIZE VOLUME %> CHNL SIZE VOLUNE X
E 161 53 100.00 36 2,04 72 79.5 76,67 24235 21.5¢
A 2 .63 643 9997 722 9149 78.00 727.120 22061 20.57
e 3 .85 713 9v.9s 38 2,07 30i%e 7632 737,37 us v
- 4 .67 917 99.89 ¥ W@ 7.5 74 7,63 08lo  1B.05
E\ 570 1104 99.33 80 235 997 72,99 757,90 18355 16463
; 6 T BT 99770 At 2.e 0E: 71,20 76 8.18 0443 i5.7%
, LAY TS /O £ ) 400250 30%7 49.42 77 8.4 13954 14,61
8§ .77 1828 95.41 43 2.0 31810 4744 78 B.76 1897 13.52
7 .80 A3 9.5 442,70 37 8. 7967 15100 1%.e3
W8 a9 SOO7% 30%3 83.%: %57 lee3S 1l.33
i .86 8% 99.24 ‘6 2.3% a6 bllio 8170 015 10,37
2.8 3 9w 47 2.9 NP 40,40 Bl 0.0 10424 S0
13 .92 3848 98.:F 48 3.10 2992 53.5a 83 10.42 15022 8.45
W Y Fhase 4732 Bie 56 d 1079 14234 7.5
199 S0 dh.a S0 T 545 85 11,47 13307 6.77
TR NS I Y PR L T . 8o 1i.55 13453 5.97
JTa8 0 aSs 97,78 530256 %021 fi.a 7197 A8 5.20
181100 Ty v 53 3.éa I &%.Be 86 12.39 11033 4,48
19 1ad 82R 93 EEIROT RN L T e 89 .I.92 10.43 3.8
AUNED 6 B SO 2K 35555 T aead 1.8 §110 3.7
LTS W T T fe o A My M, . S.43.7 Taer 2.74
2 Ls e 3L.ae ST A2F 0 Debal 43,00 o143 7793 2.5
231,30 12467 94.73 SEO4U36 iV 454 °y 1474 73l 1.84
AL P U A T T P P AR Y % 1t.8  S9sd 1.el R
25 .40 16006 €319 ol 477 ot sd.26 95 15,9 4ed] 1.0
AR ST 20,27 & 8,36 86l 36.71 96 18,35 3806 .82 A
PR DR T SO 18 Bl TN MY 3508 7 16.93 275 .50 N
B LSS 19715 90,3 63 901 2%ReE 3L % 1702 Nu .44 B
29 1.60 20475 9.1 84 .39 M0 3..89 (ANCIST I P .9 T
30 1,66 11807 97,92 68 T.53 27168 30.32 100 18,78 1e%C .19 SN
POLTD 235 see? b6 573 ML I8 01 19.4e s 21 R
V178 28087 85.3s 7598 22640 2.3 10220013 b6t s RN
KK 1T B S W e 68 .20 4%B 6,06 103 [0.84 9 v G2 e
319 2550 8.6 6 8.41  23a9% 14,44 REANG
I LY 28kl 8T 00 6.né 23074 13,09 (
3
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PARTICLE SiZE ANALYSIS KY £iZ0Kc McTHOD

Cileni: BATTELLE COLUMBUS LAKS
SAMFLE: CAREON BLACK

VOLUME (MASS) DISTRIBUTION FRUM DISPLAY AREA:

INDICES

FPARTICLE DATA LARGRATORZES, LTD.

115 HABN STREET - ElmnurST, IL. 62iZe

TewcFulhz: (312)832-5653

1% DEC B85 :DATA

(PRINTEX L) i-9742 :40h NUMBER

VOLUME MODE = 63.40 MEDIAN = 40.41 NICRONS AND LARGER

GEOMETRIC VOLUME MEAN = 26.0% +/-

ARITHMETIC VOLUNE MEAN = 39.40 +/-

FEKCENTILE: 00.1%1 OF VGLumE IS AT
FERCENTILE: 01.0% CF vIiusE IS AT
PERCENTILE: 06.0% OF vOLunt I5 AT
FERCENTILE: 22.0% OF VOLUME IS AT

PERCENTILE: 30.0% OF vOLURE 15 AT
FERCENTILE: 73.0% OF wioort 15 AT
PERCENTILE: ¥4.0% .- VOLURC 15 AT
PERCEATILE: 95.0X OF VOLLME IS AT
FencENTILE:  77.9% O vOlune IS AT

32.84

26,25 ( 46.62%) SKEWNESS

55.57
83.57
77.78
65.40
40.61
16,069

2.a%

1,33

102

(202.51%)  SKCWNESS =

niCRONG
MICRONS
MICRONS
RICRONS
HICAINS
RICRUNS
BICRONS
AP TR

HiCAOno

COuNT (FReQuenlY) DISTRABUTION FROM DISPLAY AREA:

!
'
.
~1
~

n

'
.
d
~0

AND LARGER
ARD LARDCH
AND LARGER
~ND LARGE™
AND LARGER
AnD LARGER
AND LARGER
Aled LERSER
ANp LAith R

14
o

COUNTS MODE = .93 HMEDIAN =  1.38 NICRONS AND LARGER

GEOMETRIC COUNTS MEAN = 1,37 +/-

ARITAMETIC COUNTS MEAN = 5.78 +/-

PERCENTILE: 00.1X OF COUNTS IS AT
PERCENTILE: 01.0% OF COun7a I5 AT
PERCENTILE: 06. % OF COunTS 15 AT
FERCNTILE: 22.0% OF COUNTS IS AT
PLRCENTILE: 50.0% OF (DuUNTS 15 AT

PERCENTILE: 78.0% OF COunIS 1S
PERCENTILE: 94,04 OF COuUnTS 35
PERCENTILE:  99.0% OF COUNTS IS A
PehCenTILE:s  99.9% GOF COUNTS IS A

> >
—

=

Appendix A
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.86

[y
.
w

a

17.07
6.87
3.44
2.04
1.9
121

.70
.98
.58

( 54.49

i 0 86.83%) SKcwhiiS

%) SKEWNESS

1]
.
o~
~0

L[]
.
(X
w

MICRONS AND LARGER
MiCRONS AND LARGEK
MILRONS AND CRRGEKR
MICRONS AND LARGER
MiCaON5 AND LARGER
MICRONS ARD LARGER
#iCRCNS AND LARGER
m.CRONS AND LARGER
nICAONS AND LARGER
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P e )

VI RN ASARANAR AR RN A " ?, LR ORGP ) g ‘4l v N ‘l.i " N N ) v " .y vy .
ey
A
‘A‘f-'f |
PARTICLE SIZE ANALYSIS BY ELZONE METHOD e
PARTICLE DATA LABORATCRIES, LTD. e
115 WAHN STREET - E.MHURST, IL. €0126 .
TELEFHONE: (312)832-5658 o

CUIENTY BATTELLE COLUMBUS LARS 19 DEC BS :DATA
SAMFLE: CARKON BLACK (PRINTEX L) 1-9742 :JOB NUMBER f, .
FARTICLE SIZE V5. COUNT3
ENCLOSING Y
LOW AT 21 .98 131071 HIGH AT 126 92.49 1 :.;.a

GRAFH OF DIANETER SIZES VS. DIFFERENTIAL COUNTS FROK CHANNEL 21 TO 126, AND SKIF: 2 AN
oty
I MAX SIZE 0 19 20 30 49 50 80 70 80 90 100 N,
] § i -"‘ 'N‘w
0 90> \.)""\j
. - s a . . . . . . . . . . . s . . . . . . . !}a&‘.-t‘
A2 T T i I e ' ) (
24 148 — .. rro ol
7944 133 - - - s - - st s e e s e e s s s e m s mmmmmm o * e e AN
65.1  1.S15------ - L 2 . . . . . PR
9.5 10 - - - s s e e e e e e e e e L . ",._\;,-\\;’
37.9 1.9 Y. . e .. l'-?-.j]
W, T
B3 22 - - e m e o maa e L ) (
20,5 2.54 L . e e e e e A
15,2 2,895 - - - - - -~ L s . N j
0.7 3,293 -mmmmmmm. — o ) ) SN
7.8 3,755 - - - - %, . . . . . . . . . . . . '.j«:.j;.;
3.9 8.27.------ LI . . . . . . . . . A5
. 4,86 - - # . . . . . . . .
. Seodi---n . . . . . . . . . . . . . . . .
. 6.305 - * . . . . . . . . . . . . . . .

Lol anlil JURN 5 RN
.
O N0 P W O WL O

.

-

.

.

-

-

-

.

.

.
. A C . B i B
Cala'a'd e aTa A N A

7.180--2 . . . . . . . .
. 8.16> & . . . . . . . . . . . . . . . .
. S .. -
. 10.60: & . . . . . . . . . . . . . . . . . }
A 1207, L, ... e e e e, e
30 13.750e . . . . . . . . . . . . . . . . . . -"- .
S U L, .. oo
T 2 ) -~
100 200300 . . . . . . . . . . . . . . . . .
1 23,120 . . . . . . . . . . . . . . . . .
i 26,33 . . . . . . . . . . . . . . . . . .
00 29.99:s . . R . . . . . R . . . . . . . . . .
0 34,150 . . . . . . . . . . . . . . . .
.0 38.89:« . . . . . . . . . . . . . . .
L0 44,295 . . . . . . . . . . .
00 5043w . . . . . . . . . . . . . . . . .
0 57.43:¢ . . . . . . . . . . . . . . . . . .
0 45.40>n . . . . . . . . . . . . . . R . . . . .
0 74,4808 . . . . . . . . . . . . . . . . . . .

0 84.80.# . . . . . . . . . . . . . . . . . . .
!

]
T B B S

imax SIZE 0 10 20 30 40 30 60 70 80 G0 100
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PARTICLE SIZE ANALYSiS BY ELZONE METHGD >
PARTICLE DATA LAKORATORIES, LTD. j}}’«.j h
115 HARN STREET - ECMHJRST, IL. 60126 ‘
",

i TELEPHGNE: (312/332-505i o
; ';i:::.-
j CLIENT: BATTELLE COLuMBUZ LASS 19 DEC 35 :DATA Y
\ SAMPLE: CAREON ELACK (PRINTEX L) 1-9742 :JOK NeWBER ...
| :‘.“ Y
“TOTAL IN TABULATION= TOTAC COuKT OR WOLUR: IN ANALYSIS ;:E:::;S
‘.&""-\.'.“ .
TABULATION AN
DATA ID 9742 DATE 17 DEC 2
SIZE-NORMALIZ." CC.¥TS DISTRIBUTION OGN
TOTAL = 208569, Nt
PGS
CHNL  SIZE  COJNTS % .  CHiEL SIZE COUNTS 1: CHNL SIZE COUNTS i ;.f-::j‘
L .98 131071 100,00 ST 4.85 6622 3.12 93 22.14 10 .06
22 1.02 130594 93.72 58 - 4.86 5973 2.8 4 23.12 90 .05
23 1.07 127593 §7.4% 59 5.08 590 2.52 5 24415 82 .05
24 1.1 124521 81.34 60 5.30 5102 2.25 96 25.22 75 .05
25 1.16 120761 75.%7 61 5.54 4567 2.01 97 26.33 46 L4
26 1.22 115424 49.58 62 5.78 4021 1.79 98 27.50 64 .04
27 1.27 110413 64.05 63 6.04 3737 1.60 99 28,72 60 © .04 \
% 1.33 10e108  56.7% 44 6,30 3377 i.42 100 29.99 54 .02 o
29 1.33 9833 53.76 5 6.5 2997 1.26 101 31,3 50 g :
30 1.4 92443 49.03 éo  6.87 2504 1.1 100 32,70 43 .03 7
3t 1,51 85281 44,1 67 7.18 2430 97 103 318 43 .3
3T 1.58 78532 40.53 68 750 2100 87 104 35.60 41 .0z »
33 1,85 TS 36,76 69 7.83 1803 77 105 37.24 37 2 ?.\a?
38 1,72 662 33.27 70 8.18 ol .69 106 536.67 k> .02 ST
35 L% 6055 362 71858 1417 61 107 4t 36 .02 AT,
3 1.87  S%L 77.18 7B P Ve 54 108 42,41 35 .32 :;I-:}:;i
37 1.6 4Feld 24,54 73 .4 1147 .48 105 44,29 34 N \:j-.j.j,
38 2.08 aa7.Z 23.16 74 9.7Z 780 4l 110 46,35 32 L1 ;—‘ ~
3% 2.3 a3 e 751015 877 RC: S S S U 1 P 30 A TS
A 2.3 3082 1.6 70 10.60 748 3¢ 10D 50.43 9 01 NG
4y .3 33447 16.14 77 11,97 668 30 113 52,06 27 Sl RSN
47 .43 30390 14.54 76 11.56 600 27 114 5500 25 01 )
43 2,34 20808 13.08 79 12,07 53 24 115 57.43 23 i WOy
46 2,65 4519 i1.79 8¢ 12,61 478 21 116 95.97 2 03 >
45 2,77 22283 10.60 113,17 406 A5 117 62.63 19 il e
46 2,39 19519 $.53 2 1375 35 A7 16 65.40 17 .00 PO
47 3.02 17506 8.58 83 14.36 324 .15 119 65.30 15 G0 A
43 315 15657 7.74 84 14.99 268 .14 20 7.2 13 .00 RO
47 3,29 14039 6.8 35 13.66 293 A2 121 74,48 1 .00 et
50 3.44 17831 6.31 86 16.35 217 A1 122 7778 9 .00 ®
51 3.59 10895 5.70 37 17.07 196 0 123 81,22 5 .00 AN
SO DYE 5.17 86 17.83 169 09 124 64.62 3 .00 PRI
53391 901 4.68 87 18.6Z 151 08 125 86.57 2 .00 el
54 4.0 8678 4,25 90 19.44 134 .08 126 92.49 { 00 ;.::;.;-:’.-\.‘
55 4.2 771z 3.83 91 20.30 122 07 RS
56 4,46 TLe? 3.48 y2 21,200 110 .36 ®
AN
RN
DISPLAY AREA: 4 PO
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FARTICLE SIZE ANALYSIS oY coZONE METHOD
PARTICLE DATA CABORATORIES. LTD.
115 Hann STReET - £LmnuRST, It. 60126
TELEPHONE S (312)832-3656

CLIENT: BATTELLE COLUMBLS LAKS 19 DEC 85 :DATA
SamPLE: CAREOM BLACK {PRINTEX L) 1-9742 1u0F NumBcx

PAKTICLE SIZE VS. VOLUME

ENCLOSING -
LOW AT 21 .96 113014 HIGH AT 128 100.86 83806 .
GRAFW OF DIAMETER SiZES V5. DIFFERENTIAL VOLUME rROM UmAnngEl 21 10 128, AND SHIr: 2 !.,_

SIRG

e

N

X hAX SIZE O 10 2

'etusescssisnrsenten sanen

PR 4
&§%?
PEE XYL

20 30 40 3 8¢ 70 o0 90 it

0
L

---------

ll."lllll"ll .l.Il.l"'.Illll.ll‘.‘ll.llll -

.0 L9070 ® . . . . « . R . R . . . . . . . N
R R ¢ . >
4.5 Lderk, . . e e e e . P
.7 133 - -, e e e e .o, .. .. :..:‘,‘.'}.
6.5 L3lmemees L N . . . . . . . . . . . . . . Llﬁﬁxf
7.0 LI ---% o . . oo .. e e .o NN
7.6 1,98 mmmmeemn . .. N Ce e e e e e . DAOAS
8.3 2,23 -~ - - v, . e e e e . . bRk
FXC I R TP P— .. ) Ce e e C. . . ’
7.8 2.9 - - - - - L] . . . . . . . . . . . . . . . N
10,2 3.295-=mmmmmene . . . . . . . . . . . . . . .
11.0 379 - ==~ - L S . . . . . . . . . . . . .
12.2 4,27 e LN . . . . . . . . . . . . . . . .
13.9 4,86 - = - - - - ~ L . . . . . . . . . . . . . .
15.7 I Bt ., . . . . . . . . . . . . . . .
17.2 .30 - ==~ - = - - L . . . . . . . . . . . . . . .
i8.2 7.18. * ., . . . . . . . . . . . . . .
18.1 .18, - - - =~ =~ - - LI . . . . . . . . . . .
18.8 G 3 e een %, . . . . . . . .
18,1 - 10.60: = = = = - - ~ - - LI . . . . . . . . . . .
18.9  12.07:- *, . . . . . . . . . . . . . .
18,6 13.79 - - = = = - -~ - - * ) . ) . . .
19.8  15.66 * . . . . . . . . . . . .
19.5 17.830 =~ =~ - - - - - - - %, . . . . . . . . .
20,6 20,300 -mr=mmmmmme e ., . . . . . . . . .
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TABULATION

DATA ID

l‘

I.'I?J-‘ ‘f"/‘f ]

."" /" .

9742

CHNL SIZE VOLUME
2 .98 113014
22 1.02 167281
23 1.07 283786
24 1,11 331249
2% 1.16 373547
2% 1,22 419057
27 1,27 456502
28 1.33 489424
23 1,36 906461
30 1.45 538796
31 1,51 541707

2 1.58 548051
33 1,65 589905
34 1.72 S90953

S 1.79 403748
36 1.67 617832
37 1.96 4634041
33 2.04 4630013
39 2,13 492526
40 2,23 700254
4] 2,33 719096
42 2,43 744055
43  2.34 747445
44 2,45 791191
45 2,77 805003
46 2.89 820605
47 3,02 820367

48 3.15 833i%8
49  3.29 853685
S0 3.44 888301
31 3.59 859043
52 3.75 922883
93 3.9% 21172
4 4,09 1010719
9% 4.27 1022826
96 4,46 1064590

]

Appendix A

DATE

CLIENT:
SANPLE:

"TOTAL IN TABULATION= TOTAL

x>

100.00
99.9%
77.88
99.77
99.63
99.47
$7.29
99.9%
95.85
S8.87
98.44
96.41
97.97
§7.72
97.47
97.2
95.99
95,83
76.37
94.09
95.7%
95.47
95.17
94,85
94.51
94,17
93.82
93.47
93.1¢
92.7%
92.37
92.00
9i.6i
91.22
90.79
90.35

17 DEC
SIZE-NORMALIZED VOLUME DISTRIBUTION
TOTAL = 2.34557E 8

BATTELLE COLUMBUS LAES
CARECh BuAlh

CHNL  S1ZE
57 4,65
58 4.36
39 S.08
80 5.30
81 5.54

2 &.78

&3 6,04
64 4,30
45 6.53
86 b6.87
87 7.13
48 7,50
&9 7.83
70 8.13
T 8.54

2 8.72
73 9.3
74 9.72
79 10.1%
76 10,60
77 11.07
78 11.%6
79 12,07
30 12.61

i 13.17

2 13.75

83 14.36
84 14.99
85 15.66
86 14.35
7 17,07
83 17.83
89 16.42
90 19.44
91 20.30
92 21,2

R R A AN
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FARTICLE SIZE ANALYSIS KY ECZONE M2TniD

PARTICLE DATA LARGRATOR

IE5, LTD.
115 wAnN STrecT - ELMFORST, Ii. 66126

TELEPHORE: (312,832-5658

(PRINTEX L)

COUNT OR VOLUME IM ANALYSIS

VOLUKE

1139050
11469740
1240030
1295348
1321036
1324451
1401964
144,344
1457764
1442729
1526828
1508873
1474945
1514206
1502799
1311244
1579701
153¢58%
1565450
521483
1547694
1582194
1588766
1632549
1582507
1577137
1632608
1455696
1657609
16146436
1687021
1634578
1655777
1437978
1741192
1795965
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y

89.50
89.41
88.91
83.38
87.83
a7.27
86.70
86,11
85,47
84.87
34,25
33.40
82.96
82.33
81.08
81.04
80.40
79.73
77.07
78.40
77.76
77.10
76.42
75.74
75.0%
74.37
73.70
73.60
72.30
1.5,

70.90
70.18
69.49
68,78
48.04
67.32

19 DEC 85 :DATA
1-9742 :JOF NURBER

CHNL SiZt
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c
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158090C
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0 2436326
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PARTICLE SIZE maLtoal b1 gorztve RZTalh
PARTICLE vATA LABIRATIRIES, TL.

e

115 pinie 3TAZIY - EukrundT, ol 60:10 (g
I - e e A
TeeerhonEs (312)832-%0dd NN
A
I‘.:l %
[LiENT? BATTELLE Lo onBUS LAZS 20 DeC 8BS :DA7A '~JCﬁ
SARFLES ALURINUR DUST 1-9742 :u3b nunbeh ‘*“j‘
P
VOLunZ (MASS) DISTRIAUTION FROM DISFLAY AREA: 4 ::::J
""" ==== = P S
e LAY
INDICES A
VOLUKE MoDE = 9.07 MEDIAN = 8.41 MICKONS AND LARGLK ,:r‘q
L
SRS
e
GEOMETRIC VO.UME RMEAN = 5,94 ¢/-  8.30G (.39.70%) Sniwnk35 = -.33 ::::j
A
ARITHMETIC VOLUNE MEAN = £.26 +/-  6.34 ( 76.73% SKEWNE3S = =.i3 LY
PEALEMTILE: 00.1% OF WOeurd I3 AT 31.59 HICRONS AND LARGER Ty
PERCENTILE: O1.9%k  OF VOLUME I3 AT 26.50 RICRONS AND LARGZIA {-:}:
FerCei. IeEr 06.0% (7 v0LUNI 15 A 20410 nICAGNS AnD LARLLR '.'}.fq
PERCENTILE: 22.0%  OF WOLLAE 15 AT 12,83 MICRUNS And wARGIK ﬂ-?}:
FERCENTILE: 50.0% OF VauumZ I8 AT 6,41 MICRCNS AN LARGCR ~:'aj-
PERCENTIVE: 76,05 [F JdUmeE 15 AT 2,99 MIZROWS AnD LARGER e
PElanTILie 74,04 0 wOLums IS AT 1,30 MLIRCND AND LARC X
[ L. . . - _ e - ol o]
FEACEN.1ocs 7.0 OF vloune IS AT .65 MICAUNS ARD LARGER e
PERCENTICE: %9074 G Jduims 13 &7 Jhe MICROND AND LARGER 2.
TN
A
COun? (FEEDJENLY) DISTRABUTION FROM DISPLAY AREA: ©-
W ICES
COLNTS MCDE = .43 MEDIAN = .70 MICRONS AND LARGER
GEONETRIC COUNTS MEAN = 31 ¢/~ 59 ( 72.69%)  SKEWNESS = N -]

ARITHMITIC COUNTS MEAN = .96 +/- .86 ( B7,57%) SKEMWNCSS = .54

FERCENTILEs 00C.1X% CF COUNTS IS AT 9.39 MIURONS AND LARGEK
PERCENTILE: 01.0% Or CGUNTS IS AT 4.38 MICAONS AND LARGER
PERCENTILE: 06.0% OF COunT5 IS AT 2.19 miCRONS AND LARGER
PERCENTILE: 22.0% OF COUNTS IS AT 1.17 MICRCNZ AND LERGER
reFCERTILED  00.0% CF COlnds

Ferliniick: 78.0% OF COunis i
PERCENTILZ: 94,05 GF CauNia 1
PERCENTILE:  99.0% OF COunia I
FERCENTILE: 99.9% CF COUNTS I

AT J70 RICRCHS AnD LAREER
ST .51 MiCROND AND LARGER
S al .44 nICRONS AND LARGER
S
5

AT +45 MICKONS AND LARGeH
AT .43 MICRCNS AND' LARGER N

M
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PARTICLE SIZE ANALYSIS BY ELIONZ MITnC]
FARTICLE DATA LARGRATGRIES. LTD.
115 rAAn STREET - ELmMndRST, Io. 60.26
TELEFADNE: (312)832-5658

CLIENT: BATTECLE COLumBUS LABS 20 [EC 85 :DATA

SAMFLE: ALum tun DUST 1-9742 1u0F NUMBcR
PARTICLE SIZE VS, COUNTS
EnCL0SING
LOw AT 1 .43 65535 hICH AT 123 29.47 1

GRAPH OF DIAMETER SIZES V6. DIFFERENTIAL COUNTS FROM CHANMEL 1 TC 123, AND SKirs 2
X hAX St 0 10 20 30 40 S0 60 70 80 70
! ! P T P T TR T

Foeoocosne sananasas!avassensalonsassnsstosesasnns!ocassoeaslosaeacess

il

100.0 A3 ---

2.5 L43

849 .53 '
77.3 L R it T I i e ’ ’
69.% b5 * . . .
62.7 JXm-m - mmm s m s m s T m T L
55.8 .807-- L I . . . . .
49.3 I L P R T B i i *, . . . . . . .
41.9 9 €, . . . f . . . .
3a.0 10y — === - = ==-=~==-===--= | SN . . . . . . . . .
3.6 1,220~ r . . . . . . . . . .
26.9 1.3 = == === -« == =«=~ L I . . . . . . . . . . .
3.8 1.50. --%, . . . . . . . . . . . .
20.9 1.6 =~ == == -=~--~ | S . . . . . . . . . . . .
17.0 {84 =wmmmmmmm oo ¢, . . . . . . . . . . . . .
14.2 2.4 =~ ===~ = *. . . . . . . . . . . . . . .
1.3 ZolT immmmmmmm e L T . . . . . . . . . . . . . .
LR 2,90 - - = - w, . . . . . . . . . . . . . . .
7.4 LalT e L . . . . . . . . . . . . . . .
5.7 3,100 - - -« . . . . . B . B . . . . f . .
4,7 3,44, ----- 4 . . . . . . . . . . . . . . . .
J.e 3.8l ~ -w, . . . . . . . . . . . . . . . .
2.6 4,23-=-% , . . . . . . . . . . . . . . . .
. 4.70, -x . . . . . . . . . . . . . . . . .
1.6 S.ili--2 . . . . . . . . . . . . . . . .
1.2 5.78. # . . . . . . . . . . . . . . . . .
.9 6.41,-¢ . . . . . . . . . B . . . . . .
.0 7.2 %, . . . . . . . . . . . . . . . .
PN 7.90. ¢ . . . . . . . . . . . . . . . . .
.4 8.76# . . . . . . . . . . . . . . . . .
.3 T2 . . . . . . . . . . . . . . . . .
2 10,795 . . . . . . . . . . . . . . . . .
g0 11,970 . R . . . . . . . . . . . . . . .
i 13.28 . . . . . . . . . . . . . . . . .
10 14,74 . . . N . . . . . . . . . . . . .
00 16,3504 . . . . . . . . . . . . . . . . .
L0 ibJl4le . . . . . . . . . . . . . . . . .
00 20,130 . . . . . . . . . . . . . . . . .
L0 22740 . . . . . . . . . . . . . . . .
L0 4,764 . . . . . . . . . . . . . . . . .

00 27.50:» . . . . . . . . . . . . . . .
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ARTICLE SIZE ANALYSIS HY ELZONE mETAOD SO0,
PARTIC_E DATA LABORATORIES, LTD. f:-'_':j !
115 MANN STREET - ELMHURST, IL. 60126 -::?-;-.-_
TELEFHONE: (312)832-5053 RO
)
CLIENT: BATTELLE COLLMBUS LAKS 20 DEC 85 :DATA )
SAMFLE: ALUMINUM DUST 1-9742 :J0F NUNEER far e
AN
"T0TA. iN TABULATION= TOTAs CILNT GR VILURE 3N ANALYSIS ‘-‘;
N
TABULATION o~
_ oo
DATA ID 9742  DaTE 20 DEC ).
SIZE-NORMALIZED COUNTS DISTRIBUTION 2
TOTAL = 1617360 o
CHNL SIZE  COUNTS 1 Cre 5128 COunTS X TN BiZE COLNTS b4 N
P IS
1 .43 65535 100.00 42 1,78 1736 10.23 83 7.37 399 .25 "
2.4 83903 95.95 43 1.84 11138 9.51 84 7.6 353 .2 ;s.‘_:'\\:: .
I a6 62259 22,05 44 1,91 10579 8,42 7,90 e .8 ,-:.r_\_-',
4 .48 60613 33.15 45 1.57 10063 3.17 8s 8.18 29 .17 f}.j:-;;-
S .49 58959  B84.40 s6  2.08  928¢ 7.55 87 §.46 58 .15 RN
6 .51 5775 80.75 47 .12 BasS 8.97 g8  8.76 239 .13 SCLE
7 .53 5562t 77.01 43 2.9 80z 6.45 85 9.07 22 By )
8 .55 53949 75.77 45 2,77 740 3.83 9% 9.3? 194 10
.57 5237 70.44 50 2,35 6865 3,47 91 9.72 169 ot
10 .59 S0673 67.20 S1 .43 blsy 3.07 92 10.06 147 .08
11 .61 49039 64,07 52 2.52 5500 4.03 <3 10,42 130 .07
2 .63 47415 ol.04 35 2.60 5340 4,32 74 10,79 120 Vo
13 .65 45805 S8.u; S4 2,70 5437 3.9 5 1117 (s s
14 .07 aaMy 55.27 ST 2,79 485l 362 36 11.56 35 .05
15 .70 42637 52.54 S6 2,87 4554 3.30 97 11.97 §7 RS
16 .70 41086 49.50 S7 2.9% 428 3.04 53 12,39 72 .04
V.75 39556 47.3 56 3.10  3a5C 277 95 12,83 83 A5
18 .77 38052 44.92 Sy 3.1 3502 2.54 100 13,25 <& .03
1 .30 26572 42.57 80 3.32 5124 2,32 10: 13.7C 5 L
2 .93 35 46,36 61 3.44 3083 213 102 14,23 46 .02
1 LB 3389 38.13 2 3% 2698 1.5w 103 14,78 7
2 .39 3I3e 36,95 03 3.48  Cdod 1.70 (0% 15.70 4 0z
BN B 34.05 64  3.81 2357 1.60 105 15,79 33 .05
455 29034 32.14 45  3.5% 2093 1.48 106 16,35 30 01
25 .9% 27483 30.34 66 409 1554 1.33 107 16,92 : n
26 1.0z 2004 2864 & 425 1811 1.2 108 17.52 25 01 b
27 106 24670 27.01 68 4,33 1644 1.10 109 16,14 2 . -
26 1,10 23010 25.49 49 4,54 1547 .99 110 16,73 17 .01 g
29 1.3 22157 24.03 70 470 1404 -.90 111 19.44 15 N a7
30 1.17 21095 22.66 71 4.8 1255 .81 112 20.13 13 .00 e
31 122 20148 21.35 72 5.02 1166 .73 113 20.84 10 0 s
32 126 19177 20.11 73 5.1 10és .66 114 21.57 9 .00 D_‘__‘__‘1
33 1.30 18482 18.92 74 5.39 991 .60 115 22.34 7 .00 St
38 1.35 17615 17.78 75 S.5¢ 886 .53 116 23.12 ) .00 N
S 1.40 1472 16.49 76 .78 777 .48 117 23.9a s ) <
3o 1.45 14204 15,56 7 5.98 702 43 116 24.78 4 .00 -
37 1.50 15596 14.45 78 6.20 621 .39 119 25.86 : Ny
I/ O1.55 15175 13.69 79 6.41 Se3 .35 120 26.56 2 .00 )
39 1.60 14436 12.75 30 6.64 €2 L3z 121 7.5 1 S R
40 1.66 13695 11.86 81 6.87 439 .2 120 847 1 0C ;_\_.:‘
41 1,72 12983 11.01 82 7.12 4:4 .26 123 29.47 1 .00 o~
.\:'L
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PoRTIC.E SIZZ ANALYSIS RY ELZONE METHOD
PARTICLE DATA LABGRATURIES. LiD.
115 HAAN STREET - ELMWURST, IL. 60146
TECEFHONE: (312/837-5830

CLIENT: BATTELLE COLUmBUS LABS 20 DEC 85 :DATA
SAMF_E: ALURINUM DUST 1-9742 :JOK NukBcR

FARTICLE SIZE VS. VOLJME
ENCLOSING

LOw AT

GRAPH OF DIAMETER SIZES VS, DIFFERENTIAL VOLUME FROM CHANKEL
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Fae "0l 517t AMALYSIS p1 £ 7One meT-il
tAn ali DATR LARCRATIRIES, wid.
L1 akan 5TRERT - EeMnusci, QL. ¢0lZo
TELEPHONE s (3320330-500c

CLIENT: RATTELLY COLUMECS LRES 20 LEC 83 :DATA
SAMFLE: ALURINUR DUST I-¢740 100F Mumbe

"T0TAC Ih TARULATION= TOTAL COUNT OR VOLUME In ANALYSIS
TARULATI N

DAT 1D 9742 DATE 20 DEC
SIZE-NORMALIZC o vOLUAE DISTRIBUTION

o5nn

TOTAL =17182015

CHN.  SiZE  VOLUME > ChaL  SIZE  VOLUME % Cnnl 51zt VOLUNE Lo
{ .43 8189 100.00 43 1.84 101521 85,27 B8S  7.70 23.%4y 4,19
2 .44 8840 79,73 44 1,01 115544 6%.0¢ ds 8.18 257d7s ay.:4
3 .44 957 99.50 45 .r7 o 121933 £8.4. &7 B8.40 lanl4/ 39.24
4 43 10347 99.84 45 2,04 124812 87.70 8 8.70 202798 3.7
5 45 10187 79.78 47 2,12 126333 86.97 39 9.07 2o%isl 36.45
[ IS S O 7 W 99.77 45 2,19 132940 86.2 0 .39 203948 34.7.
7 L83 12975 39,65 49 2,27 136139 g4%.45 91 5.72 28ay77 33.4,
[ LS990 13966 99.0° v .35 140010 34,00 97 lu.ué 23.306 KPRy
v 570 130 99.4~ 31 2,43 1413%0 32.3% T3 1.4 loovil 390.62

i A2 YK ¥7.40 Dd LSl aaide €3.0C 94 10,77 L4779 Y.l
il b1 17333 .51 S9 l.ev 16duss Siaat v bi.a7? o 280952 27,04
¢ XIS AN .04 24 .00 lbovac 8l..i ¥o 1l.lo Zlide. TN
13 85 1993l 9.1 S5 LJ7r Lbesd. oVl 97 1i.vi 740643 2.1
14 47 2154 98.%a S6  l.ot 170D vt 36 il.37 li4e%b 23.74
S L0 [Less KEN-N 37 2.9 180135 To.l5 ¥ 12.ex i 2..47
ib T¢ 24300 ¥3:.73 SE 5. Lo03vs TTLLG FETR RN SN Cand7
17 79 260k 96.5¢ 96 3.0 lel¥Rl 76..9 100 13,70 Lsecéo 0000
1€ 77 2To40 96.43 66 3.37 l08ler 70.0% 300 14.20 210356 .8.77
] 30 9657 78,07 61 3.44 157232 T3.ET D3 14,74 237453 17,54
o) 83 Slo4d ¥a.u0 0c 3.0 VD08 Tlere 1 15.00 <3l 10,40
21 Ee Blaad 7749, a3 3.6d 174037 71,50 105 13.7%  L0855e 14,81
24 89 39635 97.72 &« 3,81 0izoc 70.57 e 16.35 20440¢ 13,57
23 92 38(¢v 97,91 8% 379 20:e7) 69,19 107 ie.93 20434c 12,40
4 9% 3964y 97.2% &6 4.09 210312 63.01 103 17.50 211489 1.0l
25 ¢ 41644 97.0% &7 4,23 21el37 66.78 109 18.14 190993 9.97
26 1.00 44393 96.81 68  4.38 17649 65.52 116 18.78 174458 8.37
27 106 46022 76.55 67 4,54 227351 04,25 W1 19.44 173101 7.8%
26 1.10 49365 96.28 70 4,70 228991 62.92 112 20.13 172358 6.93
29 1.13 SLA4S 95.99 71 4.86 227110 61.59 113 20.8¢ 146800 g.82
3 1.7 §3757 95.6% 77 5.03 2348 60,27 114 21.57 131611 4,r7
31 1,22 SB16% 95.37 73 5.2 23740} 58.90 115 22.:4 23410 4.0
K .40 ULy 95,04 74 5.3y 2aayli RO 116 23.12 116%94 KBRS
33 1.30 4-3% 74,69 7% 5.58 240966 56,09 117 23.94 Q0777 .80
34 1,35 68036 94,3, 7o S.ic 2363335 54,67 118 24.78 94442 2.21
35 1,40 710é. 9.9 77 5,98 3685a 53.29 119 Zi.es 2148 1.066
3 1.45 78719 95,50 TR oa,i0 23265& 51,91 120 26.96 595487 1.28
37 1.50  Baury 13,04 it .41 234ile 50,50 1 I7.0s  A9¢ld .89
38 1.5 9155 90,92 30 6..% 241477 39,19 20 JB.47 38907 v
39 1.60 9371 €1.%% Bi 6.87 ~24%38 47,78 123 29.47 24134 .38
4, 1.0 Y80 Vi eh o 7.320 230 45.4" PO R .
4. 1.72 100631 90.87 83 7.37 ID14le 45,10 125 3..59  le¥%@ .4
47 1,78 1uéida 90..0 84  7.00 246711 43,65 126 32.70 744% .04
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PARTICLE SIZE ANALYSIS BY ELZONE METHOD
PARTICLE DATA LARORATORIES, LTD.
115 HAHN STREET - ELMHURST, IL. 60124
TELEPHONE: (312)832-5458

CLIENT: BATTELLE 16 JAN 85 :DATA

SAMPLE: POLYCRYSTALLINE IROM

1-974 :JOk NUMBEK

VOLUME (MASS) DISTRIBUTION FROM DISPLAY AREA: 4

VOLUME MODE =

GEONETRIC VOLUME MEAN

ARITHMETIC VOLUNE MEAN

FERCENTILE:
PERCENTILE:
PERCENTILE:
FERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:

00.12
01.0%
06.0%
22.0%
30.0%
78.02
94.0%
99.0%
99.92

70.19 MEDIAN =

59.57 ¢/-

65.02 ¢/~

OF VOLUME IS AT
OF VOLUME 1S AT
OF VOLUKE IS AT
OF VOLUME IS AT
OF VOLUNE IS AT
OF VOLUNE 15 AT
OF VOLUME IS AT
OF VOLUME IS AT
OF VOLUME IS AT

COUNT (FREQUENCY) DISTRARUTION FROM

INDICES

COUNTS MODE =

GEOMETKIC COUNTS MEAN

ARITHMETIC COUNTS MEAN

PERCENTILE:
PERCENTILE:
PERCENTILE:
FERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:
PERCENTILE:

e TN e e T et
fANA ..'.. alal

00.12
01.02
06.02
22,02
20.0%
78.0%
94.01
99.02
99.92

6.96 MEDIAN =

14,01 ¢/~

17.92 +/-

OF COUNTS IS AT
OF COUNTS IS AT
OF COUNTS IS AT
OF COUNTS IS AT
OF COUNTS IS AT
OF COUNTS IS AT
OF COUNTS IS AT
OF COUNTS IS AT
OF COUNTS IS AT

Appendix A

66.67 MICRONS AND LARGER

35.71 ( 59.95%) SKEWNESS = -,30

23.02 ¢ 35.41%) SKEWNESS = -,22

123.46 MICRONS AND LARGER
117.28 MICRONS AND LARGER
100.54 NICRONS AND LARGER
81.87 MICRONS AND LARGER
86.67 MICRONS AND LARGEK
50.27 MICRONS AND LARGER
22.68 NICKONS AND LARGER
11.05 AICFONS AND LARGER

7.33 MICRONS AND LARGER

DISPLAY AREA: §

11.94 MICRONS AND LARGER

12.37 ( 88.27%) KEWNESS

1]
-
()
~

16.00 ( B89.33%) SKEWNESS

[]]
.
o~
w

103.15 MICRONS AND LARGER
77.78 MICRONS AND LARGER
54.29 MICRONS AND LARGLK
20.47 MICRONS AND LARGER
11.94 BICRONS AND LARGCR

8.12 MICRONS AND LARGER
7.14 MICRONS AND LARGER
6.79 MICKONS AND LARGEK
6.61 MICRONS AND LAKGEK
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PARTICLE SIZE ANALYSIS KY ELZONE METHOD
PARTICLE DATA LARORATORIES, LTD.
115 HAKN STREET - ELMHURST, IL. 60126
TELEPHONE: (312)832-5458

CLIENT: BRATTELLE 186 JAN B3 :DATA

SAFFLE: POLTCR¥STALLINE IRON 1-974 :JOK NUMBEK
PARTICLE SIZE VS. COUNTS
ENCLOSING
LOW AT 13 6.61 11 HIGH AT 124 114.34 1

GRAPH OF DIAMETER SIZES VS, DIFFERENTIAL COUNTS FROM CHANNEL 13 TO 124, AND SKIF: 2
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CLIENT:
SAMPLE:

KATTELLE

PARTICLE SIZE ANALYSIS BY ELZONE METHOD

115 HAHN STREET - ELMHURST, IL. 60126
TELEPHONE: (312)832-5658

PARTICLE DATA LARORATORIES, LTD.

16 JAN 85 :DATA
POLYCRYSTALLINE IRON

“TOTAL IN TABULATION= TOTAL COUNT OR VOLUME IN ANALYSIS

16 JAN

CHNL SIZE COUNTS

-

17.55
18.00
18.47
18.95
19.44
19.95

NO- QN W
»
(=1
-
o
~

1.00

~ ©

- L A oen O et LN L on

(=3
<

o
—
3 OP3 PRI RO R
P PO
.
= cn

)

~

K.
.

. .
@ r) O =
@©

o~
(28]
(=]

o~
o
8

L]

(2
r 3

.
-

o~ O
@ ~J

.
[ BN L]

o~
d

~4
[ =3
=]

o~
o~
I B3 K3 FI R3 FI B3 F3 R RS
.
w cn
L% ]

O M NN LT B WW
.
QD = I g
o~

@ 0N N NN NN N NN
DI L) e © OO N0 AW P
L L W ) ) W [ A K]

S 0 o 82 O W)= OO
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TAKULATION
DATA ID 9742 DATE
SIZE-NORMALIZED COUNTS DISTRIRUTION
TOTAL =
CHNL SIZE COUNTS >
13 4.61 11 100.00
14 4.79 103 §9.31
15 6.94 200 98.04
16 7.14 183 94,61
17 7.33 172 91.47
18 7.52 166 88.52
19 7.2 159 85.48
20 7.92 149 2.99
21 8.12 143 80.39
22 8.33 136 77.94
23 8.35 139 75.60
24 8.77 137 73.22
25 9.00 124 70.87
2% 9.24 124 68.74
27 9.48 116 66.62
23 9.72 110 64.43
29 9.97 106 62.74
30 10.23 106 60.92
31 10,50 106 59.10
32 10.77 106 97.2
33 11.05 9 55.46
34 11.34 9% 93.77
35 11.44 103 52.12
36 11.94 98 50,35
37 12,25 92 48,67
38 12.97 97 47.09
39 12.89 90 45.43
40 13,23 85 43.88
41 13.57 85 2.43
2 13.93 87 40.97
43 14,29 82 39.48
44 14.66 80 38.07
45 13,04 77 36.70
46 15,43 82 35.37
47 15.83 77 33.97
48 16,25 80 2,65
49 16.67 74 31.27
9% 17.10 78 30.01
DISPLAY AREA: 4
Appendix A

ool
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v L SR

1>
&9 28,67
61 27.48
61 26.44
82 25.3%
S 24.33
55 23.31
33 22.37
49 21.46
44 20.62
42 1%.87
41 19.15
40 18.44
K} 17.76
2 17.16
2 16.61
K} 16.06
29 15.53
2 15.03
M 14,65
24 14,24
20 13.83
2 13.48
19 13.14
19 12.82
2 12.49
19 12.15
18 11.82
17 11.51
14 11.22
19 10.98
19 10.45
15 10.32
18 10.07
S 9.7
18 9.50
18 9.20
19 8.89
19 8.5%
63
(LU C g VO

1-974 :J0F NUNKER

CHNL SIZE COUNTS

8%
90
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100
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104
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110
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i1
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46.54
47.75
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30.27
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CLIENT: BATTEL
SAMPLE: POLYCRYSTALLINE IRON

PARTICLE SIZE VS. VOLUME
ENCLOSING

LOW AT 12

GRAPH OF DIAMETER SIZES VS. DIFFERENTIAL VOLUNE FROM CHANNEL

X MAX

- .
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PARTICLE SIZE ANALYSIS KY ELZONE METHOD
PARTICLE DATA LABORATORIES, LTD.
115 HAHN STREET - ELMMURST, IL. 60126
TELEPHONE: (312)832-5658

16 JAN 8BS :DATA

1-974 :JOK NUNEER

5 158 HIGH AT 127 123.46 422374
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0 30
I !

12 7D 127, AND SKIP: 2
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PARTICLE SIZE ANALYSIS BY ELZONE NETHOD .
PAKTICLE DATA LABORATORIES, LTD. i
115 HAHN STREET - ELMHUKST, IL. 60126
TELEPHONE: (312)832-5658

CLIENT: BRATTELLE 16 JAN 85 :DATA >
SAMPLE: POLYCRYSTALLINE IRON 1-974 :JOKk NUMRER reterel

"TOTAL IN TABULATION= TOTAL COUNT OR VOLUME IN ANALYSIS

TARULATION

DATA ID 9742 DATE 16 JAN
SIZE-NORMALIZED VOLUME DISTRIRUTICH

TOTAL = 1.96491E 8
CHEL SIZE VOLUME %> CHNL SIZE VOLUME X > CHNL SIZE VOLUNE % =
12 6,45 158 100.00 51 17.55 419491  96.62 90 47.75 2306296  80.5 -,
13 8,61 3746 100.00 52 18.00 398158  96.40 91 49.00 2444812 79.15 e
146,79 38351 100.00 53 18.47 434777  96.20 92 50.27 2690365 78.11
15 6.96 76006 99.98 54 18.95 472471 95.98 93 51.58 3040279  76.74 N
16 7.14 75441 99.94 S5 19.44 485790  95.74 94 52,92 37119572 75.19 -
17 7.3 78306 99.90 % 19.95 498215  95.49 95 54.29 4017356  73.50
18 7.52 79245 99.86 57 20,47 512878 95.24 96 S5.71 4440681  71.25 R
19 7,72 82187 99.82 58 21.00 506719  94.98 97 57.16 4722977 68.57
20 7.92 83101 99.78 59 21.55 500207  94.72 98 58.64 5140637  66.59
20 812 86391 99.74 80 22,11 516949  94.47 99 60.17 5637621 63.%7
22 8.33 88994  99.70 61 22.68 537742 94.20 100 61.73 571993 4111 leseaells
23 8.55 97957 99.65 62 23.27 570907  93.93 101 63.34 4975007  56.19
24 8.77 103946 99.60 63 23.88 549881  93.64 102 64.98 7049134  54.64 i
25 9.00 101974 99.55 44 24.50 533361 93,36 103 66.67 7264768  51.08 o~
26 9.24 109780 99.50 5 25.14 566721 93.09 104 6B.41 7720841  47.36 o
27 9.8 11277 99.44 66 25.79 598639  92.80 105 70.19 8000001  43.¢3 S
8 9.72 114060  99.38 67 26.46 588447  92.49 106 72.01 7102756  39.36 -~
29 9.97 118910 99.32 68 27.15 S02170  92.19 107 73.83 7748969 5.74 °
30 10.23 12822 99.2 69 27.85 588983  91.94 108 75.81 6044701  31.80 LA
31 10,50 138713 99.20 70 28.58 630291 91.64 107 77.73 7112354 8.7 O NN
2 10,77 149081 99.13 71 29.32 563493 91.31 110 79.80 5181430  25.09 ROASRRNN
33 11,05 151218 99.05 72 30.08 613945 91.02 111 B1.87 5703879  22.45 AN
34 11.34 157890  98.98 73 30.87 611203 90.71 112 84,00 5230638 19.55 ROCNESERAN
S 11.44 181652 98.90 74 31.67 678818 90.40 113 B6.19 3391808 16.87
36 11.94 187854  98.80 S 32.49 753343 90.06 114 88.43 4067797  14.91
37 12.25 190280  98.71 76 33.34 799125 89.67 115 90.73 2782526  12.34 '
3 12,57 UM9 98.61 77 3420 776793 89.26 116 93.09 2736873  11.42
39 12.89 216923 98,50 78 35.09 788135  88.87 117 95.51 2220878  10.03
40 13.23 223392 98.39 79 36.01 778009  88.47 118 97.99 3690279 8.90
41 13.57 241278  98.28 B0 36.94 1038013  88.07 119 100.54 2790004 7.2
42 13.93 266950  98.15 81 37.90 1174503  87.54 120 103.15 2152411 5.60 -
43 14.29 267155 98.02 2 38.89 1037891  86.95 121 105.84 1482549 s N
44 14.66 282364  97.88 B3 39.90 1270449  86.42 122 108.59 2008475 3.75 N
45 15.04 296963 97.74 B4 40.94 1183824  85.77 123 111.41 1779255 2.73
36 15.43 339478 97.59 85 42.00 1467485  B85.17 124 114.31 1386911 1.82 ~
47 15.83 346415 97.41 86 43.09 1553536  84.42 125 117.28 794070 112
48 16.25 382557  97.24 87 44.21 1830508  83.63 126 120.33 974384 1
49 16.67 388686  97.04 88 45.36 1977060 82,70 127 123.46 422374
S0 17.10 445283 94.84 89 46.54 2293516 81.69
'
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PARTICLE SIZE #vALYS.o> BY ELIONE METALD
FRETILLE DATA LARORATORIES. <TD. >
115 WARN 3TREZT - ELRAURST, Qu. olico -
TELEFRORC: £3:201832-5058 :‘-;,--

,'
s *a

-. ."'

LS

CLIENT: BATTELLE COLUMBUS LABS 39 DEC 8% shhTH
SAMFLE: KRASS DUST 1-9747 :0dk NURBER

DN
{\' l.l .-A
P

¢eT8 ¥ ) Ry W W A P eaummm e v -
(s

MY i
"l.l

[

VOLUME (MASS) DISTRIEUT;ON FROM DISFLAY AREA: 4

INDICES

YOLUNE MODE = 11.07 MEDIAN =  7.50 MICKONS AND LARGER

GEQAETRIC VOLUME MEAN = 6.09 +/-  8.56 (14C.43%) SKEWNESS -.58

CCEEET S SO O

ARCTHRETIC VOLUME MEAN = 8.20 #/-  5.39 ( 65.72%) GKZWNESS = -.53
. N

PERCENTILE: 00.1% OF VOLUME IS AT 25.20 MICRONS AND LARGER e
- FERCENTILE: 01.0% OF VOLURE IS AT 22.14 NICRONG AND LARGER RO
. FERCENTILE: 06,07 OF VOLUME IS AT 17.83 MICKONS AND LARGEK N,
o FERSENTILESD 22.0% OF VOLUSE IS AT 12.61 MWICRONS AnD LARGER S
: PERCENTILE: 50.0% OF VOLUME IS AT 7.50 MICKONS AND LARGER A
X FERCENTILE: 78.01 OF VOLUME IS AT 3.2% MICADN3 AND LARGER P
3 PERCENTILE: 94.01 OF VDLWIE IS AT 1.16 AICRONG AND LARGEr S
- PERCINTILEY 99.0% OF VOLunE 1S AT .39 MICRDNG AND LARGER ol
- PERCENTILED 99.9% OF VOLUME 15 AT .25 MiCRanG AnD ARGER sl
. :'::\'::

COUNT (FREQUENTY) DISTRARTION Fiun DISFLAY ARA: S \

IND.LES

COUNTS MCDE = .I4 MEDIAN = .41 MICKONS ARD LARGER

GECNETAIC CIUNTS MEAN = AT +/- .36 ( 77.15%)  SKEWNESS = b2

ARIT-%ITIC COUNTS MIAN = .58 ¢/= .42 (103.30%) SKEWNESS = .55

PEFCENTILE:  0C.1X OF COUNT3 IS AT 7,50 MICRCNS AND LARGEK
CERCENTILE: 01.0% OF CQUNTS I5 AT 2.89 MICAUNS AnD LARGER
PerlentatEr 06.0% OF COUNTS 1S AT 1.33 MICRONS AND LARGER
CERCENTILE: 22.0% OF COUNTS IS AT .69 MILKONS AND LARGLR
vERCENTICES  Su.0%  Or COUNTS IS AT .41 RICRONS AND LARGER
PERTCNTILE:  78.0% (5 COUNTS iS5 AT .c7 MICRONS AND LARGER
PERCENTICE:  94,0%  OF COUNTS 15 AT «26 MICRONS AND CARGER
PerCENTILE: 99,07 OF CGuNT3 15 AT .24 M CRONS AND LARGLR
rerleN L Er S9,90 OF COUNTS 15 A7 .24 RICRONS AND CARGER

)

X

n.'.u_‘

REAN

R,

) N
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PARTICLE SIZE ANALYSIS BY ELZONE METHOD
PARTICLE DATA LABORATORIES, LTD.
115 HAHN STREET - ELRHURST, IL. 6012

TELEPHONE: (312)832-5658

CLIENT: BATTELLE COLUMBUS LAERS 19 DEC 83 :DATA
SAMPLE: BRAS3 DUST

PARTICLE SIZE VS. COUNTS

GRAFH OF DIAMETER SIZES V5. L FFERENTIAL COUNTS “ROM CrANMEL

1 .24

Size ¢
]

85335 HIGH AT 106 23.12 1

10 20 30 40 50

B B P T YT TY YT R PP TP PP PP

60

1-9742 :JOB NUMBER

1 70 166, AND SKIF:

"
&~

70
]

'b, A * » . 1)
.
' v
b
v
)
)
ENCLOSING
0w AT
.l
9 X MAX
$
) 100.0
14 89.3

79.3
N 69.6
0.7
2.4
44,9
38.1
32.1
26.8
22,
- 17.9
% 14.7
11.2
8.4

2 a2 E

@ - O d NN W

LG Y

Pt
et I I 7 I N+
. R

Lo &%
.
o

a s L

24 e R LR R R
I I R I R R R AR I R &,
iy ———

Y I I it R ., . .

AL ., . . . . .

Y R I N e ® . . . . . .

« 93> * . . . . . . . . .

Wlis - m e s e s s et * . . . . . . . . .

LA L . . . . . . o . . .

N R I ., . . . . . . . .

.90 ® . . . . . . . . . . .
1,02 == == === == LI . . . . . . . . . . . . .
O T * . . . . . . . . . . . . . . .
1337 = === - r . . . . . . . . . . . .
I ®, . . . . . . . . . . . . . . .
1,72 = = -, . . . . . . . . . . . . . .
1.94==~=- * . . . . . . . . . . . . . . .
2,23 - -%, . . . . . . . . . . . . . . .
2.940-—% , . . . . . . . . . . . . . . . .
2.89, % . . . . . . . . . . . . . .
3.295-% . . . . . . . . . . . . . . . .
.75y &, . . . . . . . . . . . . . . . .
4,27-% . v . . . . . . . . . v . . .

4,85 ¢ . . . . . . . . . . . . . . .
S.540-0 . . . . . . . . . . . . . . . . .
6.30% . . . . . . . . . . . . . . , . . .
7.18:% . . . . . . . . . . . . . . . .
§.18>% . . . . . . . . . . . . . . . . . .
9.310% . . . . . . . . . . . . . . . .
10.605% . . . . . . . . . . . . . . . . . .
12.07:% . . . . . . . . . . . . . . . . . .
13.75:% . . . . . . . . . . . . . . . .

15:66)* . . . . . . . » ] . . . 3 3 3 . . .
17.83>% . . . . . . . . . . . . . . . . . .
20.300% . . . . . . . . . . . . .
23.12% . . . . . . . . . . . . . . . . . .

SIZE 0

10 20 30 40 50
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PARTICLE SIZE ANALYSIS BY ELZONE METHOL
FARTICLE DATA LABORATO. JES, LTV.
115 wAHh STREET - ELMHURST, IL. 60icé
TELEFAChE: (312)831-5658

CLIENT: BATTELLE COLUMBLS LABS 19 DEC 85 :DATA
SANFLE: ERASS DUST 1-9742 100B NUMBER

“T0TAL IN TAKULATION= TCTAL COUMT OR VOLUNE IN ANALYSIS

TABULATION

DHATA 3D 9742 DATE 19 DEC
SIZE-NORMALIZED COUNTS DISTRIBUTIC:
TOTAL = 1294903

dal fat Al aat b 0.5 Al o b o S¥ 8 a8 U L vL T oy VW
\

Chne SIZE COUNTS 1> ChaL SIZE COuWTS 1 CeNe SIiZE COUNTS %
L .24 65335 100.00 716 966i 8.25 73 554 33 .23
2 .26 63144 5494 3B 1,27 8830 7.1 74 B8 2% .23 e
3.7 8086 Fu.le ¥ 127 8058 6.82 75 6.08 283 RN
4 .8 5@l BS.3s a0 1,33 7336 5.20 76 6,30 265 i EAA
5 .29 56302 80.84 4 1,38 6724 5.63 77 6.38 40 1 N
6 .30 51l 76.49 42 1.45 6034 5.1 78 6.7 116 S BV
7 .32 51947 72,37 43 1,51 5490 4,03 7% 7.6 1% i3 )
8 .33 45785 48.30 44 1,58 45%) 4. & 7.3 179 at Bl
9 .35 47669 8.0 45 1,45 4540 3.84 @ 7.52 162 A
10 Lo 45644 66.78 4 1,72 4112 3.49 62 8.16 143 .09 :-::'::
11 .36 4367 5725 47 1.9 35 3.7 33 8.54 13 s RSN
12 .39 41668 53,88 48 1,87 23385 2.88 B4 8.7 115 7 I
3 .41 39774 50.67 9 1.5 3073 2.82 3 9.01 106 - !
4 .43 37907 47.59 50 2.04 2871 .38 86 .72 9z .05
S .45 36104 44,47 S 2,13 28t 2,16 87 10.15 83 4
16 .47 34330 41.53 SI 2,23 2400 1,96 36 10.00 7 .04
17 4% 3232 39.23 §3 2.3 a3 1.77 89 11.07 04 i
LS HST O Ge) S L4395 161 56 11.56 5 207 .
5B a3 M S5 2.54 175& 1.46 woo12.07 40 .02 ).
00 .56 27877 32.04 56 2.65 1593 1,32 92 1.6 47 52 S
') o : i ) : P VN < A '_'\._\4 )
A58 o399 2987 7277 4% 1,20 $3 137 36 e
L 2980 2.5 S8 2.6%  i097 1.09 55 13,79 30 vl R
G .03 307 5.2 9 3.00 175 .95 5 14,38 4 B o
L LI R Y 60 3.5 1047 .50 o 14,97 2 01 RO
£ L6y .04 1338 81 3.29 ey .82 7 .5.e0 16
oo 72 965 20075 2 . - |
5 t8ese  ayan 3 ;44 a7 " o e " %
" e e o 6; .,';_- ;;: 67 ‘79 17,07 i o
Sn learr ean 4aTs 1 61 16 17.83 g .00
. - ‘5‘7;_’ :Slf bu 3;; o;z T 101 18.62 6 i
& N ) o . 5 3. - ¢
41 45,7 13.% 57 4. ::J da lot 1?.44 4 00
* 1y 3 6 >y 350 46 303 0.3 4 e
B0 10800 1084 68 4k 503 A2 106 21,20 3 o0
B9 s 1179 69 4.65 449 38 105 22,14 ] 60 -
BOOLOI A 108 70 488 418 34106 23.12 ; 6
35 1.07 11033 9.9% 71 S.08 385 31 : u o
36 1.1 10368 9.05 720530 397 K Ry
.-
DISFLAY AREA: 4 -
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PARTICLE SIZE ANALYS:S BY CLZONC AETAol
PARTICLE DATA LABORATORIES. LTD. )
115 nént STREET - ELmnun3T, Io. 60126 S
TELEPHONE: (312)637-5658 :;""‘

CLIENT: BATTELLE COLUMEUS LABS 19 DEC 85 :DATA AL

SAMFLE: BRASS DLST 1-9742 2,0k NUMBER e
FARTICLE SIZE V6. VOLUME WS
EHCLOSING o
LOwAT 1 .24 72C HIGH AT 109 26.33 955 : HAs

..,,'\."";\.
a
GRAFH OF DIAMETER SIZES VS. DIFFEFENTIAL VOLUNE FKOM CRANNE. 1 TO 109, AND SKIP: 2
"i
Al GIZE O 10 2 30 4 50 60 70 30 90 100 I
1.1 LS L L L L L e e e e e e e e e e e e e e
U T o
1.9 323, . . . . . . . . B . . . B . . . . . . i
S L3 L o L oL e o e e e e oA
3.2 Al---% . . . . . . . . . . . . . . . . . . . BN
LR T T
T R A
4.4 S . . . . . . . . . . . . . N . . . . :A'-A"’
8.0 SBY o= meee ® , . . . . . . . . . . . . . . . . . .
0.8 - e e e e e e e e e e
R 7 Y n— E o e e e e e e e e e e

A\loooor.):nwAboaulau.-
[
H
2
-
]
'
]
)
[]
'
[
'
]
'
'
’
'
1]
]
]
'
-
.
-
.
.
-
-
.
.
-
.
-
.
-
i

.
—
.
(4
=
»
.
N
-
.
N
.
.
.
.
.
.
.
.
.
.
.
o
.

. 172y === === e e = m = e w e e e e e e e e e e e ':j
1.96> * O

. .96 e e e e e e e e ey e e e e RO
. P X R * . . . . . . . . . . . . . . .:-_.':_,.
\ - e

2.541 ., . . . . . . . R . . . . . {:{

2 3.9 oo . e e e ~

w
~J
[4,]
N
[]

]

1]

]

]

(]

1}

]

[}

1

]

¥

]

1}

[}

]

4

]

1]

1

(]
-

L
'y
NS

W & Ul O W0 RO O W - 0~y
.

0O 0 @ O b o LW PRI PS e e e e
~ O »

0 427 . e e e e e e ]
. 4.86) """""""""""""""""" * . . . . . . . . . ;‘J:"‘f
O
. 5054) L . . . . . . . ’ ::-i,"”
A N i I I .. . b
. 7.18 L . . . ¢;.-:f:;:
y I B T T I I I I « .. ey
'. .7 D D it ettt bbbt -—— , ::::_")\1
o PR T T T T T O R NN A R S S N L I o, e
y 97.5  10.60: eSS

94,2 12.07 € .
.- 88.4 13,75/ -~ --------=c<----"%%%“%c e @ =%22“=2------ L.
. 72.9  15.665- - .. ..

b
o
¥

v €36 1783 - ------------ecsoomo oo e e e e e e e ;;:;:_:;;
- 3.8 20,30 Lo e e e e e e e e e e Nl
oA 13.8 23420 - ------ T A
4 1.9 26.33.-¢ . . . . . . . B . . . . . . . . . . . . f:.':.bq
LMK SIZE 0 10 2 30 40 % 60 70 80 50 100 U,
& STy
B SN
S R .‘:';"':‘
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FARTICLE SIZE ANALTSLY BY ELZUWE METHCL
PRRTilLE DATA LARORATORIES, LTD.
115 Manr STREET - ELMnuR3T. 1L. bUice
Toooreings (312,832-0658

PRV LSS
LT
SO

CiiERT: BATTEL-E CCLUmMEUS LABS 17 DEC 83 :DATA o
SAMPLE: BRASS DuST 1-97a7 1J0F nymEER

.
o

o AT G MR
1] ('
l.‘J‘

“TOTAL IN TABULATICN= TGTAL COUNT GR VOLUME IN ANALYSIS ‘\-.:._.{-ﬁ
NN
THBULATION :'_?:
A
DATA ID 9742 DATE 19 DEC s
2 SIZE-HORMACIZED VOLLRE DISTRIBLTION Ryt
ri TCTAL = 2626877 C‘_'::;"&
- &-J_\
v ChnL SiZE  VOLUME 1 CHL SIZE VOLURE %> CHNL SIZE VOLUME 1> C’ff;ﬂ
:P x:}\ ﬂ
12 720 100.60 38 1,22 11633 93.95 75 6.04 46645  60.48
2.5 7% 99.97 39 1,27 12410 73.49 76 6.3 49620 56.71 ~r$
~ 3.7 887 99.94 40 ..33 12804 93.02 77 6.56 51258 56.62 oy
N 4.6 %Y 99.91 4L 1,38 1336 9253 78 6.87 SIS61  54.87 zad
N s .2 1040 99.87 145 13659 92.03 79 7.18 59308 52.87 N
6 .30 113 99.53 43 150 150 7i.51 80 .30 56354 56,76 Y
73D iad §9.79 a6 1,53 14332 90.97 81 7.83 58250  48.e2
3. 13 3974 45 1.65 15177 99.41 £2 5.6 S6iTv 4e.40
9 .35 460 99.89 4 .77 15053 §7.64 83 A.54 61115 44.16 '
iy .3a loi4 77.64 £7 1,79 18322 87.24 g4 8.2 640774 al.&0
L W38 1757 95.57 48 1,37 16705 53.62 65 7.31 0 64007 39.43
1L L v 97.5: 45 1.5 17301 67.%8 B6  9.77 43455 37.0%
13 .41 2077 99,63 S0 2.04 18385 @7.%2 £7 10.15 44925 4.
14 .33 155 55,3 Si2.13 19937 Bé.or 36 10,60 63X 3l
1545 M3 5 52023 a%iy BS.9G 3% 1107 6553T  5.7d
O 55.12 33 233 X300 851 30 1i.56 84332 I7.I3
T 49 Zaed 99.06 S Z.83 10993 34.37 91 12,07 81746 2475
18 .50 3ol 78,97 95 2.54 21569 83.58 32 12,60 oJa4s  27.41
ST B 31 58,45 56 2,65 22245 BL.7Y $3 13.17 60775 Zu.(u
r; j: 32:3 ;g/; SZ 2;; zzeax 81.91 9: 13.75 27962 17.68
- :él b 98.::. ;9 ;.Oq ;3:73 33.04 95 14,3 :4?’3u 15.48
202 .43 02 24222 .14 9% 14.99 507 . 13.42
23 .43 4323 98,27 60 3.15 24588 79.22 97 15.66 477 - 11.48
3: 66 4863 58.10 61 3,29 23897 78.76 98 16.35 42945 9,66
25 .65 5223 97.92 62 3.44 26690  77.31 99 17.07 39515 8.03
26 .72 5606 97,77 03 3.5 27378 76.29 106 17.83 35096 .52
705 s 97.50 ¢4 375 817i 75.25 10i 18.62 300 5.19
2B 75 6438 97.2 S 391 27615 74.18 102 19.44 27606 3.97
9 .82 48%%  97.03 66 4,07 30492 73.05 103 20,30 24120 2,92
M .8 TS 98,77 & 427 3m01 .89 104 21,20 19138 2.00
W90 78e0 96,49 98 4,46 33369 70.47 105 22.14 13955 1,07
32 .94 8393 96.19 69 4,85 35456 49.40 106 23.12 907 .74
398 BN 95.87 700 4.36 dene?  65.04 W7 445 6le0 .3
34 5,00 935 95.53 74 5.08 37BI 46.47 108 25.22 3134 .16
35 1.07 10054 5,17 70530 39816 65.2% 109 26,33 955 o
38 108 0077 94,77 7 S.Te 4192 63.70
370 lde L7 94,3 74 S.re A2l 82.12 TATA
.::\':,\
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> DISTRIBUTION LONG DIMEN

~ FEATURES i044d -4 TELDS Qang , ) . N
£ RIHIGE oG, 4 MIn 10,65 * Units are 12 1orOre Ser s t
TOTHL +2 xS M 0, IS -~
ME R S e DEY SEe ST ’
’d
mDl AN +21,48 LOw  pn4ss HIGH  Qo0aot
DIFFERENTIAL FREQUENCY DISTRIBUTION
4 - 8
:
3 :
~ H
o H
X EDIE
'
. s
] '
@ [
™
o e ~ ! e
o LI B
r ot
a t 1y
e oy
10 -2 0 1 e
1 e
£ 2 1 8 o006 ¢ 0
LA I I I I R 2
11ttt e
11111118111 &
1234%€78901&834567890
b
- o
3 ! .'-:'"4'
€ o CLASS INFORMATION N
)
3at LSRN
J oy CLAils CLAZC LIMITS COUNT = PERCENT Mt
o~
S Ee ! +10, 00 - +12.50  O00SR 2. & oA
HEX E +12.50 - +15.6% U079 +17.8 e
E ¢ 3 C1S.€3 - +19.5% 00040 s 0 DY
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The following is a description of the methods and procedures used to AL
determine the particle size distribution of the test materials by either WA

the Elzone analysis method or by image analysis. i~

Also included is the Standard Operating Procedure for silica determination. AN
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PARTICLE DATA LABORATORIES, LTD. la

% ]
LS RIAN W,

115 Hahn Street . Elmhurst, IHlinois 60126 . (312) 832-5658

17 January 86

Battelle Memorial Institute
Columbus Laboratory

505 King Avenue

Columbus Ohio

43201

Attn: Dr. Michael Placke
Subject: Elzone Analysis of Particulate Matter

PDL Project: 1I-9742

Dear Dr. Placke,

We have completed the Elzone analysis of the two difficult samp-
les that you have recently submitted. As we have discussed, the
Polycrystalline Iron sample had been dispersed in pure honey and
then analyzed in a 4% pyrophosphate solution. A dilute suspen-
sion was used so that a reagglomeration would not occur due to
magnetic forces. :

We are happy with the results of the analysis because the data
indicates that a bimodal situation does exist in the sample.
Microscope examination reveals that is in fact the case. The
sample is composed mainly of long interwoven iron fibers and the
subpopulation consists of non fiber like residue extending down
to submicron sizes.

We analyzed the Crocidolite down to 0.78 microns directly and then
called a standard output. Following the reporting of that data, we
instructed the computer to extrapolate the remainder of the distri-
bution based upon the avajlable information and assuming that the
data was based upon a log-normal populaton. A second standard output
was called and we have included that for your consideration.

If you have any questions concerning the data or the techniques used
to generate the information, please do not hesitate to contact us at
Particle Data Labs.

Sincelely,

A Y A

Richard Karuh=n
Director
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PARTICLE DATA LABORATORIES, LTD.

115 Hahn Street . Eimhurst, 1Hlinois 60126 L (372/ 832-5658

June 2, 1987

Battelle Memorial Institute
Columbus Laboratories

205 King Avenue

Columbus, Ohio

43201

ATTN: Dr. Michael Placke

Subject: Sample Preparation Procedures Used for Samples Furnished
Under PDL Project I-9742.

Gentlemen:

On January 17, 1986, Particle Data Laboratories reported the results
of particle size data obtained from several samples using the computer-

ized Elzone analyzer and our Bausch and Lomb Omnicon 5000 Image Analysis

System. We have now been requested to furnish the sample preparation
procedures for these samples on both instruments.

ELZONE ANALYZER

All samples were suspended in a 4% by weight sodium pyrophosphate
solution prefiltered through a 0.45 micron Gelman filter capsule.

Each sample was wetted 1in an appropriate surfactant prior to ultrasonic
treatment in a standard laboratory ultrasonic unit. Following th
deagglomeration step, a portion of the suspension was removed for
microscopic evaluation. The purpose »f this step was to determine the
siz2 of the largest particle present in the sample so a detection
aperture of appropriate size could be pliced on the analytical unit.

The inalysis is 3lw:iys stirt—d from the larae ond 7 “he simple ind the
the fine end »f tne distributioon s derormined by chiinging the size of

the detoection orifice on the Flzone unic. The individusl nirts of the

distributi »n ar= then ~omputer blended ints oone oontinuous curve and

tWen the dat s 13wt matic:illy nrinted,
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PARTICLE DATA LABORATORIES, LTD.

SURFACTANTS AND DETECTION APERTURES

SAMPLE I.D. SURFACTANT DETECTION ORIFICE DIAMETER ( microns)
ALUMINUM DUST TWEEN 20 120, 76, 24

MICRO 260

GRAPHITE LOMAR PW 76, 24

DIXON KS-2

NATURAL GRAPHITE LOMAR PW 76, 24

BRASS DUST TWEEN 20 76, 24

CARBON BLACK LOMAR PW 240, 76, 24

IMAGE ANALYSIS

The sample prep required for image analysis is considerably easier than
a standard Elzone run because the samples can be dispersed in glycerine
or an oil of higher refractive index than the sample. Once the
dispersion on the microscope slide is complete, then the technician must
dilute the concentration so that particles do not touch each other. 1If
this were to happen then the analyzer would size the particles as one
and a biased analysis would result.

Following the dispersion and dilution step, the image analyzer is
programed to automatically step through a "search" pattern, focus and
process the image in the field of view. Following the collection of
image data, report generation is automatically conducted by the sys*tem
from internal routines. We simply instruct the instrument which shape
parameters we want printed.

CONCLUSION

The above information was compiled from data retained in our precject
file I-9742. 1If there is any additional information that you ne«d
concerning this project, please do not hesitate to contact us it
Particle Data Laboratories.

Sincerely

‘411)6Lul/;(;;au<:ﬁ»
Richard Karuhn
Director
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PARTICLE DATA LABORATORIES, LTD. Q y

115 Hahn Street . Eilmhurst, lllinois 60126 . (312) 832-5658
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BASIC ELECTROZONE TECHNOLOGY

¥ Ny
L4
v

'3

s

A
Cs
h)

[4
L4
22

AND

»
)
L

EXPLANATION OF REPORT

The electric sensing zone analytical technique has developed
rapidly over the past twenty years. In this technique, part-
icles suspened in a conductive fluld, flow serially through an
orifice under a differential pressure. Electrodes are immersed
on each side of the orifice as shown in Figure 1. As each par-
ticle passes through the aperture, it replaces its own volume
of electrolyte within the aperture, momentarily changing the
resistance value between the electrodes. This change produces
a voltage pulse of short duration having a magnitude propor-
tional to particle volume. The resulting series of pulses is
electronically amplified, scaled and counted. Raw data pro-
cessing is performed by a PDP-1103 minicomputer in such a
manner that a population histogram of 128 or 256 channels of
information can be acquired. Acquired data is conditioned by
applying calibration, extrapolation, volume {(weight) or area
conversions. Normalization of size and gquantity axes to the
types of scales required by the researcher 1s also possible.

The conductive particle suspension medium 1s an important con-
sideration 1n Electrozone technology. Typlcally, agquesous
1sotonic saline (0.9% by welght) or a 4% by weight sodium pyrophos-
pnate 1s used as a dispersing and particle suspension medium.

¥Yor certaln analyses which cannot be run ir an agueous media,

4 welght./volume lithium chioride in isopropvl alcshol 1s

aifective.,
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PARTICLE DATA LABORATORIES, LTD.

Figure IIA is a cross section of the orifice shown in Figure 1.
In this configuration, no particle is shown in the orifice.
Since a constant current is established in the conductive liquid

and through the sapphire orifice,
is represented as the product of the current (I) an

- Y
+ | - 1

a constant voltage potential

Resistance (R).

E-IRK

E;’=:Ik,R-f

118
|

stance increases 1n the orifice.
r reased

resistance
S Law.

Y

Figure IIB 1s the same condit..n except with a particle in
the orifice or sens.ing sune. Since almost all particles act
aAS INSUlators, tne Llettrloal o rest n by

Under the conditions 2f 4 Conustant current and in

= © L 3 to Ohm'

S i

0‘ -~y
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about 27 micro seconds,

voltage
particle.

15 pulse while a
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.
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PARTICLE DATA LABORATORIES, LTD. %

There are two classic methods of fine particle size analysis: :\p
1. Frequency Distribution (Microscope Counting) é%g
2. Mass Distribution (Sieves of Andreason sedimentation)

In the first method, the number of particles of a specifié size K ln

are tabulated by the microscopist. He scans a microscope slide o

while randomly searching for a particle in the prepared slide.
When one is located, it is sized using an eyepiece micrometer

and counted as a frequency of occurrence. Soon a frequency dis- —
tribution is established for the sample of interest. The micro- H}{
scopist can now calculate the relative percent of particles Q&y
within a given size interval or he can sum the data and report hjd
the percentage greater than an indicated size. Table I is a vy

brief example of this precedure. Following the statistical
treatment, he can plot the data to locate the geometric median

diameter and then derive other statistical parameters. p@%
f\I.‘|

Table I A

J'..J'q

, . . ALY

Example of Frequency Distribution Data EN

.

(jam) d N N> Cumulative Q}ﬂ
Particle Size Mid Frequency of Cumulative Frequency Hic
Interval Size Occyrance Frequency  2Indicated% _t:

— — NN

Faye

1.0 - 1.4 1.2 10 100 100 ALY
1.4 - 2.0 1.7 15 90 90 N
W

eV

2.0 - 2.8 2.4 50 75 75 Y
{?ﬁj

2.8 - 4.0 3.2 15 25 25 e
4.0 - 5.6 4.8 10 10 10 e
A

. L . . e

What this data indicates is that 100% of the data measured 1is o
greater than or equal to 1.0 microns. Ninety percent is greater .ﬁ;-
that 1.4 microns diameter. This information when plotted on o

log-probability paper will yield a straight line if the distri-

bution is truly log normal (most sample are). Once that data is
plotted many statistical parameters are available to the analyst
from standard formulas.

The second method of analysis is performed by a standard
sieving technique. In this method, a known weight of dry
sample is passed through nested precision sieves and the weight
percent retained on each sieve size is calculated. Data is
handled as above in Table I except data is expressed on a
welght basis.

o]

Since the Elzone technique determines the volume of individual

particles, we can convert frequency data directly into mass or

into area. It is part of the job of the technologist to deter-
mine which data format is appropriate to his application.

£ a2 L}
s':s:ﬂ

: I:~f
&

a2
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PARTICLE DATA LABORATORIES, LTD.

The Elzone data report is broken down as follows:

_Page Description
1 Frequency and Volume (Mass) Statistics
2 Plot of Differential Frequencf Distribution
3 Tabulation of Channel Number, Diameter and

Count (Number of particles at that size)
4 Plot of Differential Mass Distribution

S Tabulation of Channel Number, Diameter and
mass (relative units at that size)

Each page will be described below:

Page 1

The top section of this page is devoted to the volume (mass)
statistics. The definitions of the terms used are as follows:

Volume Mode - The diameter size in microns of a spherical
particle that contains the largest total mass
value. It is always the peak of a distribution
curve.

Volume Median -
That point in the distribution curve that splits
the data into two equal areas. One half is

larger and one half is smaller than the indicated
size on a mass basis.

Geometric Volume Mean -

The size of an average particle calculated on a
log basis.

Arithmetic Volume Mean -

The size of an average particle calculated on an
arithmetic scale.

+/-XXX - One sigma interval of standard deviatien
(XX.XXX) - Coefficient of variation. This is the
Standard Deviation divided by the Mean -
mulitplied by 100 to yield percentage. RANCAY
e N e
DTN
PO I A
Skewness - This term denotes symmetry. If the curve NAMANAY
is perfectly sausslan, geometric skewness :A{Pﬁ
will be 0.00. If the curve is biased Y
towards the fines, skewness will be negative. Iqﬁis
:b'\’:.‘\\
A A
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PARTICLE DATA LABORATORIES, LTD. @

115 Hahn Street . Elmhurst, Illinois 60126 . (312) 832-5658

THE IMAGE ANALYZER EXPLANATION SHEET

The following explanation concerns the sample you have submitted or )
might want to submit for analysis by the Bausch and Lomb OMNICON 5000

Image Analyzer. It also, concerns how Particle Data Laboratories may

pest serve you in the field of image analysis.

The purpose of the image analyzer is to derive guantitative information
from optical images automaticallly with the assistance of a computer.
Besides counting and sizing to specifications of width, length, area
and ten other measurement parameters, the image analyzer quantifies
shape into factors of circularity and sphericity.

The Basis of Imaging and the Capabilities of the Image Analyzer

The interface between the optical image and the computer is a precision
scanner which operates like a video camera to transform the micro-
scopic image into electronic impulses. The image is displayed onto a
black and white CRT monitor from which the analysis is conducted. Our
image consists of various grey levels (object features) relative to a
fixed background level. Therefore, the features in the image are defin-~

T
*
3
.

ed by specific light level changes. The projected image is made up of g.rﬁ,
picture points, the distance, of which, 1s precisely known through a e
calibration routine 1n any of four different magnification ranges. Sﬁﬁz,
AL
Data 1s generated from a specific feature by summing the number of ~§SQ:
plcture points in the entire feature or summing the linear distances N
between the picture points, (pixles). Variations on these two concepts e ..
allow the technology to develop the sixteen different shape measurements NSRS
programmed into the instrument. 'fz{?:
::;\‘:\:: -
A single image or a portion of all the images present on the CRT can be NN
anayzed. These may be a group of dispersed particles, the space between TN

2
4
»
b ]

specific features or inclusions within specific features. The seven

page insert describes in some detail each type of measurement used and/or
avalilable for our clients.
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The O/NICON 5000 has a prograa mode that incorporates automatic stage
movement and focus. The desired information is accuwnulated from multiple
fields of analysis with a report generated from each £ield 1f desired.
Usually, a single report 1s generated
pase.
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For Plotting on Log Probability Paper -

| This data is presented at 0.77 sigma intervals

. across a normal curve. It expresses the percent
of mass at or greater than the indicated size
from a cumulative curve.

The bottom of this page is just like the top except that it
expresses the statistics on a frequency (count) basis.

Remember that the frequency basis will always be smaller than FTﬁFW
mass basis because the mass data rises as a function of the diameter :'\'-

)

E

) AT,
cubed. It takes one million one micron diameter particles by count jqii%

i to equal the same mass as a single one hundred micron diameter QEjt

| particle. :‘_,j::

! Lo L]
Page 2 L.,

:;\::\

" This page is a plot of the frequency distribution as a function NN
of size. Each plus (+) represents a specific number of particles A
at a given size. The size scale is a log scale because a Gaussian o
curve plotted on a arithmetic scale would be skewed towards the g
larger sizes. Typically, data is plotted on a log scale. )

! ':A:J:.F:

" Page 3 ;-".;-;\'::

» .:_‘.\..\:‘

[ This is the "Tabulation" page by frequency (count). The number j{&*ﬁ
after "Total =" represents the number of particles counted in é&é&d
a particular analysis. This number is usually modified by some '
factor so that the graph routine will be represented as a full ”7fﬁq
scale plot. The tabulation informs the client how may particles Lo
(count) he could expect to find at any indicated micron size if o
he had counted the number of particles indicated under "Total PR

In Tabulation".

At

‘?./‘/.’11}1

[} {

Page 4 AN
RN

This page is a plot of the mass (volume) distribution mathema- ‘5}f\j
tically derived from the count (frequency) distribution. It N
reveals the distribution of mass as a function of particle size. };xj{
Usually, this data is more relevant as to a particular industrial e
process. |
RS

Page 5 Sy

’

The last page in your report is a tabulation of data in a mass
(volume) format. It is exactly like the count tabulation except N
that it informs us of the relative mass {(grams, micrograms, pounds
or tons) of material at each micron size if you had a pile of
material weighing the same as that figure displayed under "Total =".

AN
T
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PARTICLE DATA LABORATORIES, LTD.

Once the data has been accumulated, it can be presented in any of three
different formats: Linear, Logarithmic, or an Arbitrary Classification.
In a linear distribution, the classes are all of the same size. Linear
scales usually have between 8 and 25 class intervals. A log scale

gives a better picture of the data when a large percentage of the
features are either very small or very large. Arbitrary Classification
distributions show in detail the way the measurements are distributed
when they are clustered in a few classes on a linear scale. Following
the selection of an output scale, the data can then be printed in each
of the different measurement formats.

The ability of the analyzer to present data on several different formats
requires us to obtain a very clear definition of the analytical problem

from the client. It is usually necessary for us to ask many questions
about samples requiring analysis by this technique.

An Explanation of the Computer Generated Output

A typlcal report is composed of three sections:
1. Statistics
2. Data Histogram
3. Class Information (Limits, Count, Percent)
A statilstical summary indicating the type of distribution presénted

appears at the top of the page followed by a bar graph and a table of

results. The statistical summary consists of 10 items which are listed
below:

FEATURES: the total number images processed by the computer
FIEZELDS: the total number of microscopic flelds of view evaluated

RANGE: tne difference between the largest and the smallest
feature measurement

Al the smallest feature measurement detected
slaod the largest feature measurement Jdetected
TurlAL: the sum of the products of the mid-points of the class

sizes and "count"
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PARTICLE DATA LABORATORIES, LTD.

the TOTAL divided by the number of features

the standard deviation

the total number of features detected greater than
the upper ananalytical bound of the analysis

the total number of features detected greater than the
lower analytical bound but not necessarily considered
1n the statistical data.

one nalf of the data 1s to the left of this size and

one half of the data 1s to the right of this indicated
size

All distribution data 1s plotted as a histogram on either a differential
or cumulatlve basis. The x-axis 1s the number of classes specified

oy the operator and the y-axils 1s the percentage of features whose
measurements fall in each class.

The third section of the report 1s simply a tabulation of the sclected
class numpers, class interval sizes, feature count and percent on a
differential or cumulative basis.

-
4

there are any questions concerning this report format, please do

=
not hesltate to contact us at Particle Data Laboratories.

Appendix A

‘.\;5:-*:-\"\' L) \{ \'l ‘-r w w .--' .-f _‘f\f\J \qu\.'\( -"\."_-.'_.-:\» :\f\.' \-'. 4

»

n_'.,.{. PR

'-'l
P A

[

Yh &

ll' l\ :‘{' £

LA N

{

AR

s

e, d

Y

&
L s

A

:{:’l

";
hY

(e

Ly




o8 el VAl at et at et el e il At at cab ad tad et i et tal Vel et eV ai W el gt el Ca¥. b ava gV 2t tal. g o al gato pte gln atoat. gt gVo at. aVe Rl gVa aVe Bty 4% gl gt "y

I1. 5000 Overview 3-2.

In all of the diagrams below, the shaded &rea illustrates the measurement.

3.1. AREA MEASUREMENTS

AREA is the area excluding holes, i.e. the area of

a feature less the area of any holes, voids, or

inclusions.

AREA gives the area of a cell less the area of the :‘_'.f

nucleus, or the area of a phase in a metal specimen -

less the area of the inclusions, and other similar _5 N

AA - AREA area measurements. .‘

.."' ‘-"
Y,
l_-’\:
P
'.f,ta:.f"
S
PN
[

AREA FILLED is the area with holes filled, {.e. Y

the area of a feature with the holes filled in. ,:v‘
s A
R

AREA FILLED eliminates the effect of highlights RS

in measuring the area of a convex reflecting r,;:.;

object, and other similar holes which should not : ’

be measured. 2

AF - AREA FILLED PARND

.‘_'\" N
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AN
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P ol ! PERCENT AREA is the percentage of the field area
8‘ | occupied by detected features.

A
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II. 5000 Querview 3-3.

3.2. PERIMETER MEASUREMENTS

LML o

>

PERIMETER i{s the length of all the feature
boundaries, including the interior boundaries.

5

PERIMETER gives the extent of coast line in an
aerial photograph, or the dimensions of a cell
wvall, and other similar measurements.

{I(

;Uﬁﬂ

5 N
-

L3

I

R
o e
2

&
P

N

PR - PERIMETER

I R
. Pd

Yy \{-.)'- [y
{aﬁfl

PR= a + b

HOLE PERIMETER is the perimeter of holes, {.e.
the perimeter of all the holes within a feature.

) HOLE PERIMETER gives the measurement of boundaries
of cell nuclei or inclusions, and other holes.

PH - HOLE PERIMETER

-G R Ay 0
ST
R
AN '

o

s
K

oy

PH = a

<N

o .1'

CONVEX PERTMETER is frequently called the rubber
band or taut string measurement around a feature.
It is the length of the minimum convex hull that
can circumscribe a feature.

CONVEX PERIMETER eliminates the complexity of
a feature boundary.
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I1. 5000 Overview 3-4.

3.3. LINEAR AND COORDINATE MEASUREMENTS

LD - LONGEST DIMENSION

/

BR - BREADTH

PL - PROJECTED LENGTH

PL=a+b+c¢c
Appendix A
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LONGEST DIMENSION is the maximum Feret measurement
of a feature, based on eight Feret measurements,
one every 224° .

LONGEST DIMENSION measures lengths of inclusions
in rolled steel, maximum lengths of particles
in parenteral fluids, and other such lengths.

BREADTH is the minimum Feret measurement of a feature,
based on 16 Feret measurements, one every 1l1li*® .

BREADTH measures width, such as the width of fibers
or printed lines or printed circuit boards.

PROJECTED LENGTH is the tangent-to-tangent distance
perpendicular to the scan lines on the leading

edge of the feature and on the leading edges of

any inclusions, or the sum of the distances between
all scan line intercepts on the leading edge of

the feature and any inclusions.

PROJECTED LENGTH gives three dimensional measurements
from a two dimensional sample. Such measurements

are called stereological.

PROJECTED LENGTH shows microstructures of materials
like metals.
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DD - DIRECTED DIAMETER

| DD (45) .
A Directed Diameter of 45

)
N1

IL - INTERCEPT LENGTH

MC - MAXIMUM CHORD
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II. 50Q0 Overview 3-5.

DIRECTED DIAMETER is Feret's diameter, the tangent-to-
tangent distance at a specified point. The point

is specified as an angle from a perpendicular dropped
from the top of the monitor and called 09 .
Counterclockwise is the positive direction.

The term diameter does not refer to any circle.

DIRECTED DIAMETER is useful in sizing parcicles.

INTERCEPT LENGTH {s given as a list of values.
Each represents the length of an individual

8can line chord in a feature.

MAXIMUM CHORD is the length of the maximum
continuous horizontal intercept.
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Al + Ay + A3 +... Ay

Ml =

I1. 5000 Overview 3-6.

X COORDINATE is the horizontal position of tle
center of the Feret's box of a feature, taken

. from the beginning of the video scan at the

left of the monitor screen.

X COORDINATE shows position and spatial distribution.

Y COORDINATE is the vertical position

of the center of Feret's box of a feature, taken
from the beginning of the video scan at the top
of the monitor screen.

Y COORDINATE shows position and spatial distribution.

MEAN INTERCEPT LENGTH IS TOTAL AREA divided by
TOTAL PROJECTED LENGCTH.

MEAN INTERCEPT LENGTH {s used with the grain size
tables of the American Soclety for Testing Materials,
ASTM. It 1s also used to determine the mean

free path, i.e. the average distance between
features.
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3.4, SHAPE FACTOPS

CIRCULARITY is a shape factor which depends on

\. the LONGEST DIMENSION of a feature and is
= relative to the area of a circle,
//%{1) CIRCULARITY {5 1 for a circle, and its range is 1 -0,

=

Ay ,
PP AESRIF AR

CR - CIRCULARIT

CR = 1T (D)2 / 4(AA)
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1I. 5000 Overview 3-8.

AGGLOMERATE REJECT is a shape factor vhich
depends on boundary indentation or roughness of
a feature.

The range is 1 for a circle toR.

Vhen the AGGLOMERATE REJECT for a feature is larger than !,
the feature is suspected to be an agglomerate.

RO - AGGLOMERATE REJECT

RO = PR/CP

ELONGATION RATIO is a shape factor which depends
" on the LONGEST DIMENSION and BREADTH, but is
insensitive to roughness.

The range is 1 for a circle toRo.

Ideally no ELONGATION RATIO is less than 1,
but for very small features it can be as
small as 0.8.

EL - ELONGATION RATIO

EL = LD/BR

o]
SPHERICITY is a shape factor depending on ﬁb{ 3#
PERIMETER and AREA. N
RN,
LY RN
The range is 1 for a circle to zero. %«rq—4

s ‘e

o

Pl

L
1]

SP - SPHERICITY
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SP = 4(AA)/ PRZ
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STANDARD OPEDPATING PROCEDURE
QUANTIFICATION OF SiQ» IN COMPLEX MATRIX
SAMPLES BY ICP GPTICA! EMISSION SPECTROSCOPY

Record all weights and data in tre ‘'aporatcry record book. All chemicals
must be reagent grade or better,

1.  SAMPLE PREPARATICN

A. Prepare standarde in dupiioo*: by spiking a 0.1 g aliquot of matrix
or simulated matric m=*er:3! witn 5i0p so that the final
concentration of 33C> is in *ne 2xpected range of samples.

B. Mix samples ("0.l1u d-v wt.- -~ .piked standards with 2g NaySO3 and
1g NapBs07. Ffuse thene ooovies and standards in platinum crucibles
or equivalent by pla inc "1 a miifie furnace at 10000C for 30

minutes.

C. Leach the fused <arniey &4 -<zacards with 25 ml of 20% HCI.

VW EYER VW W W W W W S e =~ e T

D. Dilute the leached samr'c. gnd standards to 100 ml with 20% HCI.
E. Prepare a matrix bl v by treating a 0.1 g aliquot of unspiked matrix
material as in steps -+ thru O aoove.
) ‘
2.  SAMPLE ANALYSIS LSRR,
0 S
"~ I-‘l
{ Determine the Si conten: of tre sarcies and standards by ICP and express AN
. SN
» in ppm. R
N
RNty
3.  CALCULATIONS N
NS
ST
A, Convert ppm Si to mg “idy using the fcilowing equation: T
. m - RO
mg 510, = E2T . 2. 134
p lO L)
]
m.owt, Si0n > -
[ where 2,136 - -t 2 R
ateT wt, o o ‘:::f
- - .“”v—..
. A A
B. Calculate ¥ SiC» as 1ol cws: e
“ ‘_.- < "‘-‘
. mg 517 . a W
3 5102 SILS I R I : ."L
Spie.wt, T e
)
b ) '-l
cC. Determine * ro ovo-. for tra Lrce2d stangands as follows: hOARAY
~
M T E e e 3L g?*’ﬂ
T Recovery = -4 - - 7t et s Tl 100 ~
s . .. M
jeite] ' ° ! B
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STATISTICAL SUMMARY OF HISTOMORPHOMETRIC ANALYSIS
OF MICROSCOPIC LESIONS AT 10 MG/ML LEVEL

* % *

MATERIAL S ZAN N STANDARD SIGNIFICANCE
DEVIATION NONPARAMETRIC

*  SIGNIFICANCE DETERMINED VIA NON-PARAMETRIC ANOVA AT THE 0.05 LEVEL
** KEY TO MATERIALS ~
1=MEDIA CONTROL, 2=GLASS BEADS, 3=ASBEST0S, 4=IRON WHISKERS, 5=GRAPHITE
FIBERS, 6=AL-DUST, 7=KS-2 GRAPHITE, 8=MICRO-260 GRAPHITE 9=PRINTEX L
CARBON BLACK
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TECHNICAL PROTOCOL FOR IN VITRO TOXICITY ASSESSMENT OF
PARTICULATES IN TRACHEAL ORGAN CULTURE

/

L Y B A )
F Y
ARy

Study Number: G6695-0400 -
Sponsor: Chemical Research and Development Center

Sponsor's Toxicologist: Sandra Thomson, Ph.D.

TJest Facility: Battelle Columbus Laboratories
505 King Avenue
Columbus, Ohio 43021

Study Director
and
Principal Investigator: Michael E. Placke, Ph.D.

Test Substances: There will be 8 metal particulates (Graphite
fibers, polycrystalline iron wiskers, aluminum
dust, nickel-coated graphite fibers, brass dust,
Printer L, micro 260 synthetic graphite fibers,
and K-2 natural graphite fibers) examined in
this study. Characterization of these materials
as to purity and stability will be the responsi-
bility of the sponsor.

Records: A1l records that would be required to reconstruct
the study and to demonstrate adherence to the
protocol. The stipulations of this protocol
are to be implemented in conformance with the
Good laboratory Practice Regulations (40 CFR,
Part 172, EPA) for nonclinical studies. However,
this study is not intended for submission to
any regulatory agency and will not be listed
on Battelle's Master Schedule.

I. Objective: The purpose of this study is to assess the in
vitro acute and subacute toxic effects of the
sponsor's test articles on the respiratory epithe-
Tium of hamster tracheal organ cultures and
based upon comparisons with historical control

, substances, provide a rank order of the relati.»

toxicity of each test article. Toxicity will

be assessed based on microanatomical and histo-

morphometric changes.

IT. Rationale: The tracheal organ culture model has been shown
to be an effective short-term in vitro assay
for the detection of cytotoxic and genotoxic

E
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IIl1. Experimental Design:

A. Characterization of
Test Articles:

B. Tracheal Qrgan
Cultures:

Appendix D

damage induced by select particulate compounds.
The hamster was chosen as a donor animal based
on the large volume of data available in the

.scientifi¢c literature on hamster tracheal explants

exposed to a variety of xenobiotics.

The project will be divided into 2 separate
studies. The first will be a range-finding
study to determine the toxic potential of each
test article, the type(s) of lesion(s) each
may produce and to identify the concentration
at which extensive cytotoxic changes are most
likely to occur. The second phase will be a
definitive study to detail and quantify the
types of lesions produced following in vitro
exposure to the test articles and estimate the
relative toxic effects of each test compound.
Toxic changes induced by the test materials
will be compared to a known positive (crocidolite
asbestos) and negative (glassbeads) control,
in addition to untreated explants maintained
only in tissue culture media.

Prior to explant studies, each particulate will
be characterized as to its general physical
characteristics mass medium diaméter, and its
properties while suspended in aqueous tissue
media. This data will be used to calculate
relative and effective doses of each compound

and to assure individual particles (not conglo-
merates) of each test article are available

for cellular interaction during exposure periods.
In addition, the concentration of silica (Si0p)
within each test and control particulate will

be determined by emission or colorimetric spectro-
photometry methods. (Actual method employed

will be based on relative concentration of silica
in each sample).

Sufficient numbers of five to six week old female,
golden Syrian hamsters to provide the reguired
number of ¢rgan explants will be obtained from
Charles Rivers Laboratory. Upon receipt each
animal wiill be examined and its general health
assessed. Sera will be collected from 5 male

and 5 female animals for serological evaluation.
Serum sampies will be sent to Microbiological
Associates; Bethesda, MD and will be tested

for titers to Sendai, Pneumonia Virus of mice,
RCV/SDA, Kilham Rat Virus and Mycoplasma pulmonis.
Tissues will be extracted from the hamsters
within 2-14 days receipt. Animals will be anes-
thetized with sodium pentobarbital, the anterior,
ventral one-half of their bodv clipped free
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\ removed and dishey contatnins NN
j nokasphate buf-ered sai’ VPBS) wtn L partond :;:::
« straptomvcin and fungizone (PSF).  Semi-ciccylar h,t,:
\ tracheal rings, measuinc apdrocimnately Z-4 Tade
mm< will be plated serasc) side gdgowr onto 35 o, o

6- well culture dish (5 expianti/weill ~nd {,\ﬁ

media added. 9les lante from sever | animais AN

{ezpproximately 3-4 namsters) wiill 0@ aistr osut=2 :?}:ﬂ

randomly to each of the &6 w2lis (a total Ut Y

30 explants per dish The media shall be minimum ::a:d

essential mecias [MEM-78-5048, Gibco Laborataries £l

supplemeniad with insuliin, hydrocortisore hemiace.ite, {:uﬁb

retinyl acetzte, antibiotics and antimycotics. AT

! Media will be cranged every other day. Explants ANt
' will be iacubatec at 37°C in 2 hymidified etmc- AT
' sphere of 95% air anrd 5% C0p. Expiants will ALY
be permitted to acclimate to culture conditicrs oAy

for 1-2 davs prigr te axposure. ',, .

.','._\:

. txplant Exoosure: The test and control particulates will be suspardec AN

at selected concerntrations ‘n culture media, RGNS

vortexed and sonicated to assure a homogeneous AR

suspension of single particles. The suspensions Pt

“~
shall be prepared on a weight/volume hasis. )
Each test article will be carefully weighed .
on an analytical baiance and suspendecd in the

onto the muscosal surface of the +“racheal explants
and the tissues incubated for 2 hours. After

the exposure period, the media will be removed

and fresh media added. OCne haif of the expiar‘:s
w11l be collected at 1 week and the cther ane

half of the explan*ts ~cllected 3 weeks follnwirg
exposure.

2. Dose Regimen: The range finding study will be conductes ag
shown below:

. ® N

Group Test Substance No. Wells/Nn. € o -
1 abb x 4:20 O
2 a&b X 4:20 NN
3 2&b < 4/2) N
1 a8b % 420 e
5 asb x 8.2 g
5 a&b X 4:29 ®
Group "a" expla~ts 5 owe' L otota D amanT e e
Will be collectar 3t 1 weme €000 woot av¢ Lo i
groud BT oexplancs D owe 7T T 1T e T ".':l\'f
will be coilectac I weews ¥ Taw ng v, ow :f\f\f
The abnve Zes qr ~1 0 o0 rogpator o veor »
the 8 tect grer lpo, achpst c ans 77397 na N
Four wells of axplants 120 avnlane " v v -
to media alone wrll o he cralyar s at oon t o 7

Doint as upteaated
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The definitive study will be conducted in a S
similar fashion, incorporating 3 concentrations e
! per test article (determined by results from Tt
the range finding study). A protocol amendment \;xji
approved by the study director and project monitor LY

will specify the concentrations of each test

. and control material to be used in the definitive

g study. There will be 6 wells of 5 explants

s each (30 explants) exposed for 2 hrs. to each
concentration of test or control article. Three
wells (15 explants) will be collected 1 week

, after exposure while the remaining explants ! j
will be collected 3 weeks post-exposure. Six
wells (30 total explants) exposed to media alone
will be 1ncluded at each collection as untreated

T
s

e

aas
P e 0 I g%

f controls. >
i IV. Histopathology: Explants will be collected in 10% neutral buffered N ieas
formalin, paraffin embedded 5 per block and g&ﬁh

kY

h 3-5 um thick cross-sections will be taken approximately "

. 100-150 um from the tissue face. These will R
be stained with hematoxylin and eosin and evaluated j
by light microscopy. The type, incidence and

. severity of mucosal lesions identified in tissues

S Ty [
o

] ”“'l‘ll
ﬁ{J.AI&

{

,ord

from the range-finding study will be summarized ﬁ;?_}

g according to compound and dose for each collection e

3 time. Doses for the definitive study will be INONTy
A selected based upon results and observations a2y

made from the range-finding study. Exposure

levels will be selected in an attempt to avoid
) extensive acute toxicity (mucosal degeneration
: and necrosis) and to provide a dose response
: development of proliferative or metaplastic
' changes (if such lesions were identified in
the range-finding study). If no proliferative/metaplastic
lesions are identified in the preliminary study,
then the maximum tolerated dose (MTD), defined
' as the highest concentration that does not cause
greater than 50% mucosal necrosis, will be the
high dose used, with 2 additional doses at log
intervals below the MTD selected for the definitive

study. Duplicate tissues sections, separated
by 300 um will be made of each block of explants
collected three weeks post-exposure from the
definitive study. These latter sections will
4 be used for both qualitative assessment and
histomorphometric analysis.
C
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Vi

VIii.
XI.

I.

Morphometric
Analysis:

Data and Tissue
Retention:

Interim Report:

Final Report:

Protoco! Changes:
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All explants cnilectes a* : weeks oo5%-acz 0 oo o
in tne definitive <tyucy &Pl b rorpomamase s sl o~

aralyzed ‘n order o gquantita‘e crclrfergtiye :C:

and/cr metaplastinc les:ong., Tre mroeogiope- "ot

: s - - T u

image cf each duplizate se-= .7 w11 pe 2170t Ie

onto a computar 3351558 r1mats grat,ots gygtem »oa
s L7 . RS

and the tetas ~rocssestiora’ zreg 0f eacth tractegs }\:

explart mucosa Zetermired, Tre tctal 3area witrnan e

the mucosa containing hyperplastic, dysplas<iz, ;qj

anaplastic, or metapglastic changes will “hen N
P

be determined. Ffinal resy’ts w1l e expressen

as the percent mytgczl area of alterated entire’c Lo et
(as defined abovel. Duplicate values “aor eac* e
explant (serial sect ors) will te 2,eragec e
Group means and stanadard deviaticns wi'l ha pe
determined and statistically analyzec aciorasng "y
to the methods Feta:iial 1n Appendig |,

A1l raw data and data -.™maries will e retained N
by Battelle and nelc in Hattelle s ar-nive €3m1iv%, A
Copies of the raw cata and surmaries will te R
sent to the Sponsor. A1l microscopic s!-des, N

paraffin blocks, and wel tissyes from thig gyuc,
will be retained by Za“telle urtil s1x montrg
after submission of the final rencres. i+ *ne
end of six months a'l slideg blocks and we*
tissues will he returned *c +re Sporsor or hrsg
designated archival facil-*y.
A draft interim report will he syubmitted witm1n

5 weeks of the fina! -olle~tigon ¢f tissues from
the range-finding study. The report will n7lude
the type, incidence ans severity 2f 311 mycosa’
lesions according %o csmpounc, dose and Time.
with a recommenca®tion for ioses *n hbe Lweq :n

the definitive s*icy.

A draft final report w11’ e sunmitren wtthon

7 weeks of the f:na' cllect-)n ¢ *v55,0g $rom

the definitive ctudy. Troa regor*t «ong'’' ce-l L en

summary data ‘rom “ne mange-findtng grudy, e

type, inziigence ard severtt, ¢~ g3’ Tagaec

observesd 1n *re exzlant,, ar: Torongmptr o dgva
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of all explants ~2iletter 3t 3 abewy from o teg
defini*t ve s* 4,
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Estimated Starting Date: January 20, 1986
Submission of Interim Report: March 24, 1986

Submission of Draft Fi-al Report: June 23, 1986

Approval:
Battelle [)7,,,/&.‘/4.‘4 /@A /2 -23-85
Michael E. Placke, Ph.D. Date
Study Director
," — Jp—
C.R.D.C. Aé,....A. !t aesmimra, $ Zaun X6
Sandra Thomson, Ph.D. Date

Project Monitor

. ' ) I | h - ‘ ‘-:.
Reviewed by: Kwé\ahrg A du (. et (L-2%-55 o a

Ramona Hayer Date S A
N . | " d - aY
Quality Assurance QOfficer § RENOEAR A
Battelle Columbus Laboratories SAGILERANS
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The statistical evaluation will be made by analysis of variance technigues.
Pro.ided that Bartlett's test of homegeneity of variance is not significant,
treated groups will be compared to the control group using a one-way analysis
of varijance and Dunnett's t-test. I[f Bartlett's test is significant, com-
parisons with the cortrol group will be made by a t-test technigue which makes
allowance for unequal variance. [n this latter case, Wilcoxon's rank sum test
will also be applied. Regression analysis on test group levels should be
performed. A1} stavistical tests will be conducted at a 5 percent, two-sided
risk level.

NOTE: Suitable reference for these techniques are Snedecor, G. W. and
Cochran, W. G., Statistical Methods, 6th £dition, Iowa State Univ. Press
(1967).

Analysis of variance pp. 270-.277
Bartlett's test pp. 296-298
Wilcoxon's rank sum test op. 130-132
t-test, unequal variances pp. 114-116
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Technical Protocol for In Vitro Toxicity Assessment of Particulates in Tracheal
Organ Culture.

PROTOCOL AMENDMENT 1

" <
5
.

LA A A
5N LY

. .
p &)
_..1.&?

" .f .’ .l.

T SRR
Amendment: Section III. Experimental Design Part D. Dose REgimen. $§§E£:iﬁ?&
QAN
AR A
The concentrations of test article for explant exposure to be used for the N _—
definitive study will be as follows: e
ey
DOSE LEVELS FOR DEFINITIVE STUDY RN
®
Glass beads 10 mg/ml 1 mg/ml 100 ug/mi ML
Asbestos 10 mg/ml 1 mg/ml 100 ug/ml MASUGNIR
Iron Wiskers 10 mg/ml 1 mg/ml 100 ug/m1 :::Qnﬁi]“"
Graphite Fibers 10 mg/ml 1 mg/ml 100 ug/ml \gGo;ﬁij31
Aluminum Dust 10 mg/ml 1 mg/mi 100 ug/ml N Nt
K-2 Graphite 10 mg/ml 1 mg/ml 100 ug/ml e |
Micro 260 10 mg/m] 1 mg/m] 100 ug/ml RO
Printers L 10 mg/ml 1 mg/ml 100 ug/mil N O
Ni-coated Graphite 1 mg/ml 100 upg/ml 10 ug/ml iy e
Brass Dust 1 mg/ml 100 ug/ml 10 ug/ml 1 ug/ml

Reason: The doses were selected based upon results of the range-finding
study.

APPROVED:

,/”7,<s<af4:;‘~/’/<;fr ,//125222;,,412\
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Michasl E.

Placke, Ph.D.
Study Director

LS T

Date

S?%a/&é

Sandra Thomson, Ph.D.
Sponsor Reprasentative
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